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EXECUTIVE SUMMARY

In 1977, a series of Federal Motor Vehicle Safety Standards (FMVSS) for
school buses became effective, mandating different performance standards for
school buses compared to other buses. Data on the crash performance of school
buses .built to these standards were lacking, so the National Transportation
Safety Board conducted a series of indepth accident investigations from 1984 to
1988 to determine how well Federal school bus standards are working to protect
passengers from injury and whether changes in the standards are needed.

Federal standards for the design and operation of school buses diffFn.
according to the passenger capacity and gross vehicle weight rating of the bus.
The Safety Board, therefore, studied the performance of large and small school
buses separately, and two reports were planned.

The first report, published in 1987, examined the crash performance of
large- school buses built after the new standards for school buses became
effective. The Safety Board found, -overall, that large poststandard school buses
provided excellent crash protection to their passengers but issued
recommendations to further refine the safety of these school buses. The Safety
Board concluded that the first priority for improving the safety of school bus
passengeri should be the rapid retirement of prestandard school buses, followed
by expenditure of funds toward accident prevention in the form of improved driver
training and -equipment to reduce_the number of student__fatalities occurring
during the loading and uploading of large school buses. Two to three times as
many students are killed each year in the loading zones as are killed while
riding on the school buses.

This is the second report on school bui safety; it focuses on the
performance of small school buses and vans used.for school transportation. The
report is based on review of past :esearch, crash tests, and the Safety Board's
investigation of accidents involving vehicles used for school transportation
manufactured after April 1, 1977. Safety Board highway investigators, working
out of eight Regional Offices, established notification networks with Stat( and
local police, hospitals and emergency personnel, and safety groups, and.asked to
be alerted when a crash meeting the Safety Board's criteria occurred. To be
investigated for the study, the crash had to meet at least one of the following
criteria: damage to the school vehicle that required it be towed from the scene,
the school vehicle rolled over, or one or mor, bus passengers was seriously
injured or killed. Accidents in which these e)ements occur put passengers at
risk of injury. As a result, the design of the bus, in terms of occupant
protection, can be evaluated. The typical school bus accident, which results in
property damage only and in wh the bus is driven from the accident scene, does
not "test" the crashworthiness of the vehicle.

The Safety Board found that occupants of the small school buses built to
Federal school bus standards generally fared well in the accidents investigated.
Injuries, when sustained, were generally minor and were primarily to the face,
head, or lower limbs. Unrestrained and lapbelted passengers showed similar
patterns of minor injuries, and seating position, more than restraint status.



appeared .to influence .the severity of injuries. Passengers seated in the front
rows of certain types of small school buses appeared to be at increased risk of
head or facial injuries because of the -absence or peculiar design of a
restraining barrier. Lapbelted passengers, in particular, appeared to be at risk
of injury from interaction with the restraining barriers.

-Lapbelt -use did not appear to hamper emergency evacuation of passengers,
primarily because adults on the scene rapidly released the passengers from their
belts No postcrash fires or leaks from the school bus fuel tanks occurred. In
many accidents, however, school bus passengers were limited in the -number of
emergency exits available: after the crash, exits were. often blocked or
inoperable.

-Other issues addressed in this report include: inaccurate reporting of
restraint status and injuries; improper .use and installation of lapbelts;
windshield dislodgement; inadvertent opening_ of the boarding door during the
crash; and separation of body .:!eibts.

As a result of this safety study, recommendations were issued to the
National Highway Taffic Safety Administration, manufacturers of small school
buses, and vark, associatio..s of school transportation officials and
contractors. The reeommendations focus on the following safety concerns:

desigri of restraining barriers in small school buses;

feasibility of providing lap/shoulder belts or uther
re-traints with upper torso support for passengers;

deficiencies in roof and joint strength;

o lao: of Federal performance standards-for school bus
windshield retention;

design of the bc-;:ding door controls in certain small
sct--ol buses; and

need tu correct improper installation of lapbelts and
other restraints and to use restraints properly.

vi
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NATIONAL TRANSPORTATION SAFETY POARD
WASHINGTON, D.C. 20594

SAFETY STUDY

CRASHWORTHINESS OF SMALL POSTSTANDARD SCHOOL BUSES

INTRODUCTION

The driver of a school bus transporting six students to school
lost control when negotiating a right curve. Th'e school bus
traveled onto the left shoulder of the road, struck two
utility poles,.rolled onto its right side and came to rest.
The initial impact was -a Delta V of 10 mph.1 Of the six
passengers, ages 5 to 18, four were- uninjured and _two
sustaine linor contusions and abrasions. (Case 11, Denville,
New Jersey.)

The good outcome of this school bus accident is not unusual. Most school
bus passengers involved in a crash are-either uninjured or r2ceive minor injuries
at most, even in accidents in which rollover occurs.z This school bus,
however, was not a 4pical big, yellow school bus. It was a 16-passenger school
van, painted yellow,- equipped (as all vans are required to be) with-a-lapbelt for
every passenger. At the time of- the crash, four of the six passengers were
wearing their lapbelts; one cf the passengers who was wearing a lapbelt and onewho was unrestrained received minor injuries.3

The typical school bus used in the United States to transport students is a
large, yellow bus with seating capacity for more than 50-passengers, with a grossvehicle weight rating (GVWR)4 of more than 10,000 pounds, and is -equipped

.

I The severity measure used in the Safety Board's cases is Celts V, considered by most crasil researchersto be the best single measure of collision severity. Botta V, as used in the Investigations of these cases,fs the instantaneous rate of speed change undergone by a vehicle at impact. The Delta V -estimates were
generated primarily from measurements of both the location and extent of the vehicles' structuraldeformation, along with the vehicles, weights.

2 According to the National Safety Council (MSC), about 80 percent of all school bus accidents involve no.injuries to passengers on the bus. If injuries -do occur, MSC estimates that about 89 percent of theInjuries In nonfatal accidents are minor and about 10 percent are moderate. These figures are besed on 16
years of data Including school vehicles of all types.

3 In this eese, seating position, more than restraint status, influenced Injury outcome. The otherunrestrained passenger and the other lapbelted passengers were uninjured.

4 The gross vehicle weight rating (GVWR) is used by the federal government in its motor vehicle safety,
standards. GVUR is the value specified by the manufacturer-as the loaded weight of a single vehicle. One .school bus Can be designed to carry fewer passengers than another school bus but still have a higher grossvehicle weight Mint% In other words, passenger capacity dbes not determine if a school bun is built to!
"large" or "small" school bus performance standard* set by the federal government.

10



2

with a seatbelt for the driver only.5 Obviously, not all vehicles used for
school transportation fit this description. School districts also use passenger
cars, station wagons, minivans, and smaller school buses (including van
conversions) to transport students.

Schools typically use a small vehicle rather than large school bus for
special purposes suCh as transporting special education and handicapped
students, Head Start students, and athletic teams to out-of-town-meets,-and for
activity trips by school-sponsored clubs. Smaller school buses are preferred for
a variety of reasons: (1) lower purchase price; (2) lower operating costs; (3)

bus routes with fewer students; (4) ea5e of handling in an urban environment
where door-to-door service is .required;0 (5) closer pupil supervision (because
cf fewer passengers); (6) ability to retrofit additional . exits, such as

wheelchair lifts; and (7) ability to provide extra leg room between seats.
7

The Safety Board was interested in documenting the crash performance of
small school buses but faced two immediate questions: what is a school bus, and
what distinguishes a large school bus from a small school bus?

Definition of Small Versus Large School Bus-

There is no general agreement on what.a school bus is or what distinguishes
a small school bus from a large one. _The term "school bus" has no common
definition, unlike the terms "passenger car" cr "truck."- The only consensus is
that a school bus cannot be a public carrier, such as a municipal bus, or be the
family's private vehicle.

There are two basic approaches for defining.a vehicle as a school bus: by
use, or by body type. The most common approach is by use. Using this
definition, the term "school bus" describes any vehicle, regardless of body type,
used to transport students. Thus, buses and vans built to Federal school bus
standards as well as other types of vehiclec--such as converted airport transit
buses, and minivans and station wagons (other than the family car)--used to
transport students can be called school buses. Most-statistics- -about school
buses of this type relate only to vehicles used ta transport students at public
expense; vehicles used by private schools are excluded. For example, school bus
statistics from the National Safety Council (NSC), the most widely referenced
data, include only vehicles used for public school transportation (National
Safety Council 1987).

A school bus Can also be any vehicle with a school bus-type body,
regardless of its use. Under this definition, the term "school bus" would
include school buses used by public and private schools along with vehicles with

5 Only a few of the Nation's 15,480 school districts have ordered large school buses equipped with
passenger lapbelts.

6 Many school districts are required by State or local statutes -to- provide special students with door-to-
door service and/or to limit the time the students are in transit betueen home and classroom. these
requirements result in a need for small vehicles.

11



3

schoOl bus bodies used by day camn:.:. chka-ches, private activity groups--such as
Boy Scouts, migrant-workers, and community shelter programs--as well as school

buses converted to motor homes. Anj vehicle with other than a bus body would be
excluded; van-conversion school buses, for example, would not be included in such

data.

The Federal Government uses both of these definitions of school bus, and
other definitions, in its standards, operational guidelines, and accident data

collection. Perhaps the most important definition is that used in the U.S.

Department of Transportation's Federal Motor Vehicle Safety Standards (FMVSS),

which vehicle manufacturers must follow. The definition of school btrqs used for

the FMVSS's has both passenger capacity requirement and use qualifications. For

a vehicle to be defined as a school bus, it must first be a "bus"--that is, "a

motor vehicle with motive power, except trailer, designed to carry more than 10

persons." Further, a "school bus" is "a bus sold or introduced in interstate

commerce, for purposes that include carrying students to and from school and

-related events.." Under this definition,Thoth a van-based-vehicle and a bus, if
built to FMVSS for school buses, would be termed a school bus.

In this study, the Safety Board used the FMVSS definition of school bus
because it was interested in documenting'the crashworthiness of vehicles built to

the Federal school bus performance standards. In addition, the Safety Board
investigated four cases involving vehicles that were not built to Federal school

bus standards because some States permit use of such school vehicles.

Discussions in the text and appendixes A-0 distinguish between vehicles built to
school bus FMVSS and those that_ were not.

The problems inherent in defining a small versus large school bus were ever

more difficult. A uniform definition, based on either vehicle weight or

passenger capacity, does not exist. School districti, States, school bus

manufacturers, and the Federal Government have their own and different methods of

classifying school buses. The size of a school bus can be based on passenger

capacity (for example, 16 passengers or less, or more than 16 passengers--the

source of some Type I versus Type II school bus classifications), vehicle

configuration (for example, van-type body versus bus body), gross vehicle weight

rating (GVWR of 10,000 pounds or iess, or more than 10,000 pounds), or a

combination of these factors (for example, school bus Types A, B, C, and D as

used by school bus manufacturers; see fig. 1).

The size designations and definitions of school buses overlap and conflict

with one angther, making it impossible to compare data sets with one another

(appendix E). Deciding how to differentiate between a small versus large school

bus for the study was difficult. At first, the Safety Board believed it could
restrict case vehicles in the study tu those with a GVWR of 10,000 pounis or

less, the basis for the FMVSS size distinctions. However, another Federal

guideline, Highway Safety Program Ilandard No-. 17, which currently distinguishes

between school buses by passenger capacity, complicated matters. A school

vehicle could be a "large" bus under one set of Federal requirements and a

"small" bus under another (passenger capacity does not always correspond with

GVWR). The Commercial Motor Vehicle Safety Act of 1986 (P.L. 99-570) also

distinguishes between school buses by passenger capacity; the Act, administered

12
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A Type A school bus is a conversion or body constructed on a
van-type compact truck or a front-section vehicle, with a
gross vehicle weight rating of 10,000 pounds or lesS, designed
for carrying more than 10 persons.

v- Stall

,

11.=.=

A Type B school bus is a conversion or body constructed and
installed on a van or front-section vehicle chassis, or
stripped chassis, with a gross vehicle weight rating of more
than 10,000 pounds, designed for carrying more than 10
persons. Part of the engine is beneath and/or behind the
windshield and beside the driver's seat. The entrance door is
behind the front wheels.

Figure 1.--These models of one manufacturer are classified by
the industry-wide system of school-bus type definitions.

13
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A Type C school bus is a body installed on a flat. back cowl
Chassis with" a cross vehicle.weight rating of more than 10,000
pounds, desipned fo- carrying more than 10 persons. All of
the engine is in front of the windshield and the entrance door
is behind the front wheels. (Type C school buses are also
sometimes referred to as "conventional" school buses.)

A Type 0 school bus is a body installed on a chassis, with the
engine mounted in the front, midship, or rear, with a gross
vehicle weight rating of more than 10,000 pounds, designed for
carrying more than 10 persons. The engine may be behind the
windshield and beside the driver's seat, at the rear (behind
the rear wheels), or midship (between the front and rear
axles). The entrance door is ahead of the front wheels.
(Type 0 school buses also are sometimes referred to as
"transit-style" school buser..)

figure 1 (continued).

14
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under the responsibility of the Federal Highway Administration, applies only to
vehicles "designed to transport mare than 15 passengers, including the driver."
Then too, States and school districts routinely refer to school buses as either
Type I or Type II, a designation loosely based on passenger capacity. Most
available school bus data use this Type I or Type II designation.

In thii study, the Safety Board sized school buses using the school bus
industry system of classifying school buses as either Type A, B, C, or D, a

system that takes into account -GVWR end-vehicle configuration (definitions and
examples are given in figure 1). .This report presents data for school bus Types
A and B. Types A and B are referred to in State and industry statistics as Type
II ("small") school buses. Only Type A is a small school bus as defined by the
ROSS because of its GVWR. A Type 8 school bus is a small school bus that is
built to the" large school bus FMVSS because of its GVWR. This report
distinguishes between Type A-and Type B school buses in discussions of vehicle.
crash performance and seatbelt installation. Most -cases were Type A school_
buses.

Why This Study" Was CondUcted

In 1977, a series of new and modified FMVSS relating to school buses becalm
effective, mandating different performance standards for school buses compared to
other buses. Data on the crash performance of school buses built to these
standards were lacking, so the Safety Board conducted a series of accident
-investigations from 1984 to 1988 to determine how well the standards are working
to protect passengers from injury and whether changes in Ihe standards are
needed. Two reports were planned because Federal standards and guidelines
differentiate between school.....bus.es by size.

The first report, published in 1987, examined the crash performance of Type
C and Type 0 school buses (the types commonly called large or Type I school
buses) built to Federal school bus standards (National Transportation Safety
Board 1987b). The Safety Board -found, overall, that these large poststandard
school buses provided excellent crash protection to their passengers but issued
recommendations to fUrther refine the safety of these school buses. The Safety
Board concluded that the "first priority for improving the safety of school bus
passengert should be the rapid retirement of prestandard school buies. followed
by expenditure of funds toward accident prevention in the form of improved driver
training and equipment to reduce the number of student fatalities .occurring
during the loading and unloading of large school buses. Two to three times as
many students are killed each year in the loading zones as are killed while
riding on the school buses.

This is the second report on school buses; it focuses on the crash
performance of Type A and Type 8 school buses, the types referred to in sone
statistics as Type II or small school buses. In the report, both vehicles with
bus bodies and van oonversion bodfes are Teferred to as school buses.
Discussions distinguish between types of vehicles when appropriate.

15
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Type A and Type B school buses combined constitute about 15 percent of the
public school bus fleet (about 41,000 of the 362,000 public school ve1icles7),
but sales of these smaller school vehicles in the schocl bus fleet have increased
every year for the last 5 years (appendixes F and G). These small school buses
frequently carry passengers who are the most vulnerable of all school bus

passengers, very young students or passengers with some form of disability (that
is, emotional, physical, or learning disability).

It is important to note that-small school buses are not Simply miniature
versions of large school buses. Small school buses differ from large school
buses not only in size and weight--important factors in the magnitude of crash
forces acting on school bus passengers--but also in structural configuration and
interior features. These differences _are especially pronounced in Type A school
buses; which represent most of tho accidents discussed in this report.

Eraisid_ausagyses.-- Because of these differences, the
conclusions drawn by the Safety Board regarding the crashworthiness of Iarce

,school buses (National Transportation Safety Board 1987b) do not nece;sarily
apply to small school buses. .For example,-the Safety Board did not recomend
that States or school -districts Allocate funds to retrofit or purchase large
school buses with lapbelts because it found that passengers on large school buses
would, overall, receive no net benefit from lapbelt use. That conclusion did not
consider the possibility of lapbelt-induced injuries; had this possibility teen
included, the overall net effect of lapbelts would have been negative for large
school buses. This conclusion does not necessarily mean that passengers on

small school buses would not benefit from lapbelts. The advantages or
disadvantages of lapbelt use may well be different in a school bus designed for
16 or fewer-passengers compared-wtth a school bus designed for 54.passengers-
separate analysis was needed for small school buses'because they may perform tore
like a car than a bus in a crash. Certainly a small school bus is closer in size
and weight to a passenger car than to a large school bus (figs. 2 and 3).

Studies of oassenur car crashes.--Accidents involving small school buses
have been of interest to_groups advocating the installation of passenger lapbelts
on large school- buses and to those concerned that the same types of lapbelt-
induced injuries that have_occurred in rear seats of passenger cars (National
Transportation Safety Board 1986) would occur to lapbelted passengers in school
buses.

As previously stated, the disparate size and mass of a small school bus
compared with a large school bus means that findings about the advantages or
disadvantages of passenger lapbelts on large school buses hive little relevance
to whether or not passenger lapbelts are needed on small school buses. For

similar reasons, studies of the crash performance of lapbelts in the rear seat of
a passenger car are not necessarily applicable to lapbelts in a small school bus.
The differences in size and interior features between a passenger car and school
bus-are too great.

the number of small school brio, and vans used bv private schcols is not Snow+.
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Figure 2.--A small school bus is closer in size and weight to
a passenger car than to a large school bus. In this photo, a
66-passenger school bus and a 22-passenger school bus are
parked alongside a Chevrolet Caprice. If a school bus is
involved -in a collision with a car, the crash forces
experienced by passengers riding on the small school bus will
be much more severe than if they had been riding on the large
school bus.

17
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Figure 3.--Passengers seated in a small school bus are cioser
to the ground, and closer to the level at which a passenger
car would impact, than passengers seated in a large school
bus. (A school van is pictured at left; a large school bus is
at right. The difference in heights of seatbacks from road
level is indicated.)
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For example, General Motors (GM) recentlY estimated that use of a lap-only
belt in the rear seat of a passenger car can reduce fatalities by 18 percent + 9

percent8 (Evans 1989). "The effectivenes- of lapbelts in preventing fatalities
in rear seats flows mainly from ejection prevention," GM concluded._ Lapbelts
were able to reduce collisions between occupant and vehicle interior only 1

percent + 9 percent.9 In other words, lapbelts were unable to prevent most
interior contacts, and their effectiveness was mainly due to ejection prevention.

Considering the differences between a passenger car and school bus, the

effectiveness of lapbelts is likely to be even less on the school bus because
ejection is less possible from the bus. Occupants of passenger -cars are ejected
most often through the car side door, followed in frequency by ejection through
the adjacent window or through the windshield. Unrestrained passengers on a

school bus are less likely to be ejected than occupants of passenger cars because
they are not- seated next- to a door; windows are usually partitioned, seatbacks
are usually, closer, and higher, and passengers are farthee from the windshield.

Accident Selection Criteria

Thi purpose'of this safety study was to determine how well small school

buses protect their student passengers from injury. The purpose of the study was

not to document how well adults were protected in_ a-small school bus or the
problems of transporting physically handicapped passengers.10

Investigations were limited to vehicles built after April 1, 1977, the date
when all Federal school_bus standards were in effect, and that met the industry-

wid-e definition of a Type A or a TY0e.8 schoOl bus11,12 (school bus models are

8 That is, the overall effectiveness of a lapbelt could be as high as 27 percent or as low as 9 percent.

9 According to the GM research, lapbelts on, at best, can prevent 10 percent of interior ctacts, and In the
worst case, te a negative factor, increasing harmful Interior contacts by 8 percent. The estimates by GM are
Cased on comparing the outcome of mmotched pairs" (restrained versus unrestrained occupants) of pessenger

cars from data in the Fates Accident Seporting System (FARS) for 197585.- FARS, a data base maintained by
the National Highway trefaic safety Administration (NNTSA), is derived from police accident reports; data on

restraint use and injury outcome are not comprehensive and- ccatain inaccuracies. Estimates about tho

effectiveness of rear seat lapbelts are not uniform.- Prior to his 1989 study, Evans reported lower

estimates for the effectiveness of lapbelts in redUcing fatalities: 7 percent 12 percent, tesed on FARS
data for 197583. Other research, notablii by NNTSA, has estimmted the effectiveness of rear seat laptelts

to be as high as 40 percent.

10 sneelchair restraints and restraints for the handicapped, and how to secure them to a school toms

intericr, are except frac meeting Federal standards. The evaluation ,f such restraints is beyond tho scePe

Of this study.

11 Type A and Tne e school buses are commonly equipped with lapbelts-for passengers.

12sems States (including Connecticut, Michigan, New Hampshire, and Vermont) appear to allow vans not built

to Federal school tus standsrds to be used to transport students on regular routes. Most aro stock vans

bought from dealer's lot. Other States allow such v3MI to te used for student activity tries or other

special transportaticn purposes. The Safety Board, since 1983, has urged that only vehicles built to

Federal school tus standants be used for student transportation. The Safety Board also investigated four

accidents involving vehicles that were not tuilt to Fecaral school tus standards (appendix 0). Sams

passengers were fatally injured in these crashes, sceetimes by lapbelt.induced injuries. The crashes

involving the nonstandard vehicles were so much more severe that in scae cases the differences In vehicle
performsnce and iniury outcome could be due to higher crash forces rather than the lack of creshworthiress

of the vehicle.

BEST COPY AVALABLE
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identified in appendix H and fig. 1). The case vehicle had to be primarily
occupied by preschool or school-age children (not all of whom were in

wheelchairs), and the accident had to meet at least one of the following

criteria:

the case vehicle was involved in a moderate speed
collision13 that disabled the bus (occupant injuries

need not have resulted); or

o the case vehicle overturned; or

one or more of the case vehicle's passengers was
seriously injured or killed, regardless of the type of
accident- . :

The cases presented in this report are not a census or a statistical sample
of all accidents involving Type A and 8 small school buses in the United States
during the investigation period. The number of crashes involving poststandard

small school-buse occurring nationwide-during the -span of the Safety Board's
study is unknown.14 This report is a "case" study, based on investigations of
accidents meeting specified criteria to collect atcurate.and complete data on
crash performance and injury outcome for those accidents.

The accident criteria specified allowed the Safety Board to examine the
crash performance of small-school buses in accidents that put the occupants at
risk of fnjury. This type of accident is-not typical, hcwever. According to
available data, the typical school bus accident is minor, a "fender bender," and
does not result in injury. Consequently, such an accident would not "test" the
crashworthinesS iii-the vehicle and "Qould preclude an evaluation of whether the
vehicle's design offers-adequate protection for the occupants. Likewise, such an
accident would not be useful for evaluating the benefits of d passenger restraint
system (such as lapbelts) because the paisengers, regardless of restraint status,
are at little risk of injury. In addition, a school bus accident resulting in
minor injuries to unrestrained passengers does not peld data useful for

analyzing the benefit of lapbelt use. Seatbelt-use does not guarantee that an
individual will be unharmed, nor does it eliminate minor (A1S 1) injuries. The

National Highway Traffic Safety Administration (NHTSA) has estimated that
lapbelts and lap/shoulder belts in passenger cars are only 10 percent effective
in preventing minor (AIS 1) injuries.

13 The phrase mmoderste speed" was incite:WS to preclude the Safety goard being notifid of- a ainor

accident, such ss a bus that backed into an object or struck another vehicle when COO were nearly at a

stcnctstill. The term "cellisionm had to appear in the accident report Nitrous* khe criteria also specified
"no injury need to have resulted."

14 Avalloble accident statistics combine all types of school venicles and pMestandard and postscrelare

buses together. Nationwide, an estimated 5,000 injury-producing accidents -involving elk types- of ichook
vehicles occurred doing the 1966-07 school year. This total ncl4cles accidents resulting in injuries only

to" occupants of the other vehicle and pedestrians. According to 16 years of National Safety Council data,
most Injuries to scnool bus occupants probsbly were minor.

BE$T COPY AVAILABLE
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4i4X-

This report, unlike others, also distinguishes between types of smallschool buses, an important distinction because Type A school buses meet adifferent-set of FMVSS requirements than Type B school buses, which in terms ofFMVSS requirements, are "large" school buses.

Data about the accidents and vehicles investigated in this study arepresented in table 1.

How the Investigations Were Conducted

The investigationS for this study were conducted by Safety pardheadquarters staff and staff in eight Regional Offices during 1984-88.1.0 Atthe beginning of the study, each Safety Board Regional Office set up-an atcidentnotification plan, involving4 network of law enforcement:and
medical authoritiesin the multi-State region surrounding the office,. Local and State authorities ineach region agreed to notify the Safety Board investigitors of a crash meetingthe Safety Board's criteria .as soon as they became aware of it, konnotification, the investigators determined if--the crash;- in fact, met theselection criteria, and if so, began a detailed investigation.

Damage -to the exterior or interior of the school bus was documented andanalyzed, especially in relationship to ,each passenger's seating position.Information on each occupant-(age, weight, and-height) and seating location wasdetermined to the extent possible. For each occupant, the investigatorsattempted to determine whether a restraint system was used,*whether it was usedcorrectly, the probable source of each injury, and the nature and severity ofeach injury sustained, expressed in terms of the. Abbreviated
Injury. Scale (AIS)(appendix I).

Throughout this report, occupants are frequently described in terms of hisor her maximum AIS level injury (MA1S). Use of the AIS injury coding systemhelps eliminate individual bias when discussing injuries; a "serious' injury toone person may te a "moderate" to another person. Under the AIS system, allinjuries are listed in a coding -manual and only one code-OW-specific injury can
_be assigned.

15 the Safety *ord. hos highway investigators in the- -following Regional Offices: Atlanta, Chicago,Oenver, fort vorth, tenses City, Los Angeles, New York, end kettle.

21
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Table 1.--Data about accidents and vehicles- investigated
for study on crashworthiness of 24 small poststandard

school buses, 1984-88

I tem Number Item Number

Type of vehicle:a

19

Other vehicle(s) or

Type-A -ScHool busb
object(s) involved:c

Type B school bus 5 Passenger car or van 9

Light truck 3

Hec:y truck 2

Manufacturer of Other school bus 1

school Dus bogy: Otherobject 7

Collins Bus Corp. 3

T,P.I. (Sturdivan)
Wayne Corp.

3

3.
Type(s) of_accident: -

Blue Bird Body Co. 2 Collision A 21

Carpenter Body Works Noncollision" -3

Coach & Equipment
(Fortivan) 2 Rollover! 12

Van-Con, Inc. 2 Nonrollover 12

Sheller-Globe 1

Superior Coach Int'l. 1

Thomas Built Buses 1 Principal direction of

AmTran (Vanguard) 1 impact in collision

-Other 5 accidents:

Manufacturers of school
Frontal
Side
Rear

9

5

1
bus chassis:

Chevrolet 13 Multiple

Dodge 6

GMC
Ford 3

a Vehicles are classified by the school bus industry system (adopted at
the national Minimum Standards Conference 1980) that takes into account
both gross vehicle,weight rating (GVWR) and vehicle configuration.

Includes school.. vans. Type A school vehicles have a GVWR of 10,000

pounds or less and must therefore meet federal standards for small school

buses.

Some accidents did not involve other vehicles or an object, and some
accidents involved multiple vehicles or objects.

All noncollision accidents were rollovers.

e All but three of the rollovers were precipitated by a collision. Safety
Board accident criteria undoubtedly resulted in a higher proportion of
rollover accidents than would be found in accidents involving small school

buses nationwide.

Includes head-on collision and front angle.

22
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DIFFERENCES IN FEDERAL MOTOR VEHICLE SAFETY STANDARDS
FOR SMALL AND LARGE SCHOOL"BUSES

Federal Motor Vehicle Safety.Standards (FMVSS) specify for school buses
with a GVWR of 10,000 pounds or less, different performance standards and, in.

some respects, less stringent standards than those required for larger school
buses. Type A school buses are the only type of school bus considered "small"
or "light" school buses by FMVSS. NHTSA proposed a "combination of requtrements
for light school buses that differ from those for heavier buses, -because-the
crash pulse experience& by-smaller vehicles is more severe than that of larger
vehicles in similar collisions" (41 FR 4016, January 28, 1976). Three of the
most substantial differences between Type A school buses and other types of
school buses are outlined below.

Lapbelts

Type A school buses, like all passenger cars and multipurpose vans, are
required by FMVSS to be manufactured with at least a lapbelt at every occupant
Seating position. In the preamble to FMVSS 222, "School Bus Seating and Crash
Protection," NHTSA stated "such restraints are necessary to provide .crash
protection in small vehicles" (41 FR 4016, January _28, 1976). Other.types of
school buses (Type B, C, and 0) are not required by FMVSS to have passenger
lapbelts installed and, if they do, they need not meet Federal seatbelt
standards.

Vehicle Structure

Type A school buses are-notrequired by FMVSS-to have the same-level of-
structural integrity as larger school buses. They are exempt from the Federal
standards that specify joint strength, and a less stringent test of roof strength
is applied. In 1973, during rulemaking connected with FMVSS 221,"School Bus Body
Joint Strength," NHTSA found "no evidence that the mode of (joint) failure
found in larger traditional school buses also occurs in smaller, van-type school
buses currently manufactured by automobile manufacturers for use as II- to 17-
passenger schoolbuses....Until information to the contrary appears or is
developed, these vehicles should not be covered by the requirement" (41 FR 3872,
January 27, 1976). The Safety Board believes this report presents such
information. The application plate used in roof performance tests in =all
school buses was increased in size when some industry commenters stated they
would find it necessary to discontinue production of small school buses if the
same testing requirements a: for larger school buses were imposed (41 FR 3874,
January 27, 1976),

Seating

Seating standards are'also different for Type A school buses than for other
school buses: compartmentalization is incomplete. When Federal -rulemaking
regarding school bus seating was first proposed, the seats of all size school
buses were required to meet identical requirements in terms of seat spazing and
seat performance. Several commenters objected to the applicability of the

23
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standard to school buses with a GVWR of 10,000 pounds or less, asserting that
the special requirements of the standard for small buses were inappropriate, or
unachievable, within the_9-month lead time for compliance mandated by Congress.
Since NHTSA had "specified adequate numbers of seatbelts for the children that
the vehicle would carry," different equirements for seating in small school
buses were_considered ''reasonable," and NHTSA exempted seats of Type A school
buses from Certain requ1re7Ants. (41 FR 4016, January 28, 1976).

These are not the only differences in standards for Type A school buses and-
other types of buses. -.Figure 4 provides additional examples.

24



Emergency Exits (FMVSS 217) Rear
emergency exit must comply with
provisions of standard for small
school buses. Dimensions and
clearance of side emergency exits
not specified.

16

Exterior Requirements

Small Settool Bus-
Rquover Prutection IFMVSS 220) --
Test requires a vertical force equal to
1,2 times the unloaded vehicle weight
be applied to roof. Force application
plate is wider and longer then roof,
resulting in woe luad-aosort:ng
surface.

Joint Strength Not recuired to meet any Federal
Standard: exempt hem school bus mint strength
standard (FMVSS 2211.

Emergency Exits Same number of
exits (equired as small school bus:
but rear exit must have twice the
Clearance and be slightly larger
Dimensions and clearance Or side
emergency earl specified.

Fuel Tank Integrity IFMVSS 201) Sarre ,,Jerlcfmance
and left renuifemerqc af> that required fcr all uuses and
multipurpose vericir,s: Zr frontai parrief crash test, a rear
inoving flat rnsinw a lattral moving hat barr.dr tem,

ii static rollover Test, with-fuel spillage net to- er ceed

Large School Bus

Rollover Protection More stringeill
test requirements result in greater
roof strength. Force application plate
la narrower and shorter than roof: the
latter aspect stresSOS the 1001
structure more than the test for small
school buses,

Joint Strength Must meet Federal school Inn
joint strength standerdIFMVSS 2211.

INOte: FMVSS distinguish school butes On the bows of gross vehicle weight rating
Small och001 buses hove a DVWR " 10,000 lbs large scnoolbusel 10.000 lite

Fuel Tank Integrity Standard swills§ different testing
requirement one test Only. a moving contoured brunet
crash Same fuel spillage limitations.

Figure 4.--Structural differences affect both the exterior and
interior of small and large school buses.

BSSTCOPYAVAILABLE
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Seating Requirements (FMVSS 222)

SmaH School Bus

\1.
VII

pio. Seats can be
as far as
desired

SRP

At least a lapbelt required a every
occupant seating position. Must meet
same standards as belts in
multipurpose passenger vehicles
IFMVSS 208, 209, 210).

Large School_Bus

?-

0

0.
,k No more than

24 inches

SRP

Frontal barrier(s) not requ'irect
installed, no spacing or size
requirements or any of the restraining
barrier requirements of FMVSS 222
apply, Head protection zone
requirements in force, though.

No seatbelts of any kind required for
passengers. If installed, do not have
to meet any Federal requirements.

Frontal barriers required. Must meet
spacific requirements for size, spacing
and crash performance.

Note: SRP is the Seating Reference Point, pi.vot point of hip.

Figure 4 (continued).

BEST COPY AVALABLE
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OVERVIEW OF RESTRAINT USE
AND INJURY ANALYSIS

A case study, like this report, can provide data that are not usually
available and that are needed before -discussion of the in,jury outcome for
restrained or unrestrained passengers on sMall Echool buses can be discussed.
Before analysis can begin, certain questions must be answered:

o Where was the occupant seated in relation to crash
forces and deformation of the vehicle?

o Was the Occupant restrained at the time of the crash?

If restrained, what kind of restraint-was used?

Was the restraint correctly installed and worn properly?

What was the severity and location ocrir.jury?

What was (were) the agent(s) of injury?

Police accident records or media reports of school bus crashes-generally
cannot supply answers to these questions, and the reliability of data they can
supply is sometimes questionable. Table ? illustrates differences between data
collected by the Safety Board and the data ayailable from official.reports
school bus accident.

-There are several reasons for the- discrepancies between severity of-
injuries reported in police accident records and the severity determined by
Safety Board investigators. The priority of police at. the accident scene is to
have the inji!....ed transported to hospitals as quickly as possible and to establish
traffic coy,- ol, not to code injury severity. Police generally receive littl

_training in coding and evaluating injuries, and the inj:ry scales they use ay.
simplified. In addition, certain types of injuries may no.. be readily apparent
immed.'.ately after the accident.

Reports of belt use are usually higher than actual use. Nearly afl States
and local school districts have statutes or regulations requiring P.c, school bus
driver to be restrained when the bus is in motion. Failure to wear tne available
belt, especially if involved in an accident, may be grounds for dismissal. Some
school districts also require that passengers_ of school buses equipped w!th
lapbelts be buckled up whenever the school bus is in motion. deral Highway
Safety Program Standard No. 17 currently recommends that passengers in school-
vehic' .s that carry 16 or fewer pupils shall be required to wear lapbelts when
availaole and whenever the vehicle is in motion. Furthermore, some school buses
have adult aides on board charged with ensuring that students buckle-up.

Analyses of restraint use and injury outcome are discussed in the fcdlowing
Chapters. The analyses also discuss differences between the Safety Board's
flindings and official accident reports.

f.
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Table 2.--Differences in restraint use and injury
status coded for case 15. Perrysburg, Ohio

Item coded

Coded on Stare police
accident form

Determined by investigators
of the National Transportation

Safety Boarda

Restraint use;

Passengers 17 were wearing laPbelts 1 was unrestrained
14 were.wearing lapbeltsb

1 was restrained in a
misused child safety seatc.

1 status undetermined°

Driver Was wearing lapbelt ReStrained by a loosely
adjusted lap/shoulder belt
(the only belt available
.at the seating position)

Injury status:
e

PassengeeS 1 was uninjured 1 was uninjured
15 received minor injuries 11 received minor injuries
1 received seriouS injunies 2 receivea moderate injuries

3 received serious injuries

Received midor injuries Received moderate injuries
(including two fractured

. ribs)

a Based on physical evidence, reconstruction of the accident, and statements of
witnesses and vehicle occupants.

All but one of the lapbelts were adjusted with excessive slack considering the
small size of the occupants,- She lapbelts thus provided little restraint.

The roliCe report indicated the passenger was lapbelted and received minor
injuries. The passenger was attually restrained in an improperly secUred child
5afety seat with half of the safety seat's harress around her body. The child
received a serious injury.- a fractured femur.

d The police report indicated this 5-year-old passenger was wearing a lapbelt. The
Patsenger's seating position was actually occupied by an unsecured child safety
seat lying on its side. The lapbelt at the position showed no physical evidence
of having been in use at the time of the accident.

e The Ohio State police use the KABCO injury scale, which provides five injury codes
from which to choose: fatal, serious-, minor, no visible injur y. or not injured.
National Transportation Safety Board investigators use the AIS injury scale, whicn
provides nine classifications: vninjured, minot,_moderateserious.,. severe, critical,

maximum (virtually uhsurvivable), injured (unknown severity), unknown if injured.
The differences in injury severity shown in the table are not necessarily the
result of inaccurate coding by the police; they may just reflect the limitations
of the KABCO injury Scale compared with the.AIS scale.,

BEST COPY AVAILABLE
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RESTRAINT USE

Restraint use-was high among the drivers of school vehicles in this study.
N:arly three-fourths of the drivers were wearing the lap or lap/shoulder belt
available at their seating positions at the time of the crash.16

Restraint use among passengers in the study _was lower than that of the
drivers, but still high. Two-thirds of the passengers with restraints available
at their seating positions were determined by the- Safety Board to have been
restrained in some fashion at the time of the crash.- (Restraints included child
safety seats; properly and improperly used lapbelts and lap/shoulder belts; and
substandard, jury-rigged "belts" and secured wheelchairs.) Data were collected
on III lapbelted passengers -(97 on vehicles built to -Federal school bus

-standards; 14-on'vehicles- not built to these standards).

The level of restraint use among passengers in this .stedpwas far greater
than that reported in a survey'conducted in New York State in 1988, the only
State to require that all new school buses, regardless of size, be equipped with
lapbelts....for passengers-.17 The survey found that in the-school districts w:th
formal policies mandating seatbelt use, fewer than-25 percent of passengers nn
the belt-equippel buses wore the 'available belts. The lapbelts on some buses had
been vandalized.I8-

Many of the school vehicles in the Safety Board's study are the type in
which belt-use is required by State or local policies, contributing to the higher
belt use rate in this- study compared to the New York survey. The higher rate
also occurred because the school buses carried few passengers, passengers were

__usually young (grade school age or younger),18_or handicapped, or because aices
were aboard vehicles to encourage passengers to buckle-up. Not surprisingIY:
restraint use was higher in the six buses with aides aboard than in buses without
aides. Only one of the seven aides, however, was restrained at the time of the
accident.

Of tto 20 reltrained -school aus drivers; II wore locbelts and 9 wore lap/shoulder bolts. This wes_s
swh higher telt use rate than observed in the Safety Board's stufy of large school Woes: of 43 crstows,
nearly half the school bus drivers were unrestrained.

If
Large school buscm ordered for use in mew York State ere also rnquirod to have more sea:back parsSirg

end, since 1968, .highor seatbacks than required by Federal standards. Seetbocks in New York school tales
ere 28 inches from the Sestina Reference Point; Federal standards specify a minimal of 20 Inches.

18 Only 13 percent of the school districts reverted no orthicon with seattelts. Of the districts
reporting prcblems, IS percent had cut belts, 19..percent hed buckles -removed, 12 percent hod brutal
buckles, 18 percent had improper adlustment, 30 percent had belts tied together, end 14 percent hod multtpla
problems. According to the survey, repair costs and down time related to seetbelts on buses hes crested
added expenre inclialing replacement ports, later, end loss of,vohIcle use. This cost factor is awojected to
xceed SI,000,000 per year acroes the State.

19 Grede school pupils ere more likely to buckle p than high school pupils (U.S. Department of

transportatios, National Highway Traffic Safety Administration 1986).
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_ Deficiencies in Official Reports of Restraint Use

In most accidents, Safety Board investigators did not rely solely on
statements regarding belt use of witnesses or vehicle occupants or on the
restraint status in the police report, but rather looked for physical evidence of
use. Reconstruction of the crash events, information on the fit of the belt and
size of the occupant, and medical records on the injuries sustained assisted the
Safety Board investigators in evaluating restraint use.- In some cases, the
restraint status reported by the school bus occupant was directly contradicted by
physical evidence; in others, the status reported was questionable. Four
examples follow:

1. The school bus driver's lap/shoulder belt was fou6C,
pinned behind- his deformed seat, with its latchplate
splattered-with blood. The opening where the latchplate
would fit in the buckle-stalk was filled with asphalt,
which had spilled into the bus when it was struck by a
truck transporting hot asphalt. (Case 25.)

2. _All lapbelts on -the school .bus were unusable: they
either had been. vandalized or were stowed beneath the
bottom seat cushions. (Case 4.)

3. The 5-foot 2-inch, 190-pound driver's aide was found in
the stairwell following the crash; her pelvis was
fractured. The adjusted length of the lapbelt at-her
seating position was.22 inches. (Case 15.)

4. The school_bus driver refused_to start the bus unless
all passengers were lapbelted, so to give the appearance
-of being belted, the passenger inserted the buckle into
his latchplate,.but not far enough to engage the buckle.
He slipped from his seat during the crash. (Case 5.)

Police accident reports indicated that these school bus occupants were
restrained. Many of the ocupants hid-told law enforcement officials on the
scene'that they had been using the-available restraint at the time of the crash.
Safety Board investigators determined from evidence, however, that all were
unrestrained. Deficiencies in accident reports of other cases are documented in
the case summaries (appendixes B and D).

Police may be inclined to take occupant statements about restraint use at
face value, or to list uninjured occupants.as-restrained and injured occupants as
unrestrained. In cases 4 and 24, for example, all passengers were listed as
lapbelted in the police report although there were no lapbelts available for use
at their seat on the bus. Restraint use is probably overstated in most of the
official reports.

Restraints incorrectly coded as lapbelts.--Not all lapbelts reported in use
were actually lapbelts. Police reported other devices as lapbelts: a child
safety seat, a lap/shoulder belt, a large belt formed by joining the latchplate
of the aisle-side lapbelt with the latchplate of the lapbelt at the window
seating position, and a jury-rigged "restraint" consisting of two car lapbelts
tied together and slipped over the top of a bench seat.
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_ _Improper use of lapbelts.--Police reports do not indicate whether the
lapbelt was being worn properly. The Safety Board investigators found instances
of lapbelts that were being worn improperly rather than snug and low on the
abdomen as recommended. The design of lapbelts commonly installed for passenger
use on school buses may encourage misuse.

Nearly all lapbelts installed for passengers on school buses are "static°
lapbelts, the type commonly found in airplanes and the center seating position of
cars. Static belts are not equipped with retractors that automatically tighten
the belt around the occupant; instead, the school bus passenger must manually
adjust the belts--shorten or lengthen them--to ensure proper fit.

_

Safety Board investigators often found that the lapbelts had excess slack
(cases 2, 5, 13, 15, 17, 19, and 25). A loosely worn lapbelt cannot provide the
same level---cif protection as -a snUgly Worn belt and "exposes the occupant to

injury: in the Safety BoarCs, cases, passengers slipped out from the restraint
in a crash, incurring injuries from contact with components of he vehicle
interior normally not reachable.20 Loose fit also increases the chance of

ejection,- and an occupant with a loosely fitted lapbelt may be-at more risk of
_ .

abdominal' or spinil_injury.

Unusual Configuration and Installation of Restraints

Some of the restraints reported in use were improperly installed or of such
a design that they would not meet Federal standards. Federal safety standards
for seatbelt design -and installation (FMVSS 208, 209, and-210) apply only to
belts provided by the mufacturer in motor vehicles required by FMVSS to be
provided with seatbelts.41 The owner can alter the seatbelts, even cut them
out of. the vehicle. and not be_in violation of anyJederal_standards. (They may,
however, be in violation of a State law.) The restraints described in table 3
violate established installation guidelines and some basic tenets of seatbelt
design.

The "lapbelts" and jury-rigged restraints described in table 3 provide
school bus passengers with a degraded level of protection at best. Moreover,
some of them expose the occupant to dangei. of injury, from the belt itself, as in
the loopbelt held together by a metal plate with exposod bolts (fig. 5). The
unrestrained child seated on the bench seat neXt to the two children encircled by
this belt could have been harmed in an accident by contact with the metal plate
and protruding bolts. The children within the loopbelt also were in danger of
injury caused by their bodies slipping around in this large belt and interacting
forcefully with one another. Moreover, because the loopbelt was not secured to
the seat or floor, it could move upward, beyond the children's chests, and
position itself near the neck.

20 See ono 15 , -foe example.

21 The Type A chool buses in tho study originally were equipped by the manufacturer with Impbelts
meeting 'Were standards, es required by Federl rogulationa. 1!.4 Typo e school buses in thy OtWN b*fe
not required by Federal regulation to hove factorrinatalled lagbelts: if loptielts were installed bY TT*
school district, they-did-net have-to-meet -Federal seatbelt standards.
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Table 3.--Examples of unusual passenger restraints and installations
in small school buses

Type of school bus
and case number

Type A:_a

Case 3

Case 15

Case 17

Type 8:P ----

Case 21

Case 22

'Inusual restraints and installations
----------------

Lapbelts were available for every passenger, but
two types had been installed. Some lapbeltS had
pushbutton release lat6iplates, like those commonly
found on passenger cars; others had lift-type release
buckles like those in airplanes.. This mix waS found
throughout the vehicle, even on the same bench seat.

A child'safety seat was improperly installed and ,

misused: the right side shoulder strap of the
harness was not attached to the safety seat, and the
vehicle-lapbelt.was improperly routed around the .

restraint.

-Two lapbelts had been shortened by looping over the
webbing, punching a hole through the looped-over

webbing,-and then remounting the belt to the seat
using a bolt, The "adjustment' had been done to

--meet parents' complaints.that the belts were too
large to fit small children.

The drriver hdd "knotted" the webbing of two of the
available lapbelts, in an attempt to shorten the.
belts. One belt was too long because it was anchored
to the wheel well rather than to the floor on one
side. adding 9 inches to the belt-webbing (the wheel
well was higher than-the floor); this effectively .

prevented the child from securing the belt snugly
around Ais body. A child safety seat was also
secured by a knotted belt. (Other cases in the Study
also had knotted. belts.)

A pusenger was restrained by a lapbelt and an
improperly installed E-Z-ON.vest:. only the two upper
loops of the vest were secured to the school bus
floor. The lower loops were loose.
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Table 3:--Examples of unusual passenger restraints and installations

in small school buses (continued)

Type of school bus-
and case number Unusual restraints and installations

Type B (cont'd):

Case 24
Passenger seatbelts were not installed, but the school

bus contractor had jury-rigged two unusual restraints

on two of the six bench seats. The first consisted of_

two lapbelt assemblies, joined together by two metal

plates and secured with four bolts. The plates were
-exposed-and the bolts protruded 1 3/8 inches. The

restraint was looped around the junction of the seat-
back and seat cushion and was designed to be placed

around three children. Two'children shared this.
"loopbele and an unrestrained child sat next to them

on the same bench seat.

The second restraint consisted of two belts: one was

a form of shoulder strap and the other a large loop-

belt. The shoulder strap was wrapped horizontally
around the seat; the other belt was placed over it,

like a large lapbelt encircling the seat. The lap

portion of the restraint fit across the occupant's

upper torso.

Neither restraint was anchored to theseat frame or

floor: they were merely wrapped around the seat

frames.

Van not built to
Federal school bus

standards:

Case 27 Lapbelts demonstrated variety.of unconventional_

installations.:. two belts shared an anchor point;

lapbelts were all different lingths; and buckle-to-

latch configurations were irregular.

Type'A school buses are required by Federal standards to be manufactured

with at least a lapbelt at every passenger seating position.

Type B school buses are exempt from the lapbelt requirement. Type B buses._

however, often are ordered with passenger lapbelts or are retrofitted with

belts.

The National Transportation Safety ivard has urged that only vehicles built

to Federal-school -bus-standards be used to transport pupils.
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Figure 5.--Such *restraints* pose danger to the occupants.
The jury-rigged loopbelt (A) and unusual three-point restraint
(B and C) were found in case 24. Neither was secured to the
seat or floor. Other examples of improper installation were
shared saatbelt anchorages (D) and unusual configuration of
buckles and latchplates (E).
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Figure 5 (continued

A restraint, by definition, is designed for use by one person only. Crash
tests performed at University of Michigan Transportation Research Institute
(Weber and Melvin 1983) have demonstrated a substantial increase in injury
potential to occupants who share a seatbelt as they collide violently with one
another. With a shared restraint, proper fit--crucial for good restraint
performance--is impossible: the loopbelt cannot be properly positioned over the
pelvic areas of two children.

Prior to this study, the Safety Board investigated cases involving large
school buses (both prestandard and poststandard) that had been retrofitted with a
form of these loopbelts. Regardless of the size of vehicles on which such belts
are found, they are not restraints. They pose a danger to occupants and should
be removed from the school bus.

Based on the occurrence and potential dangerous crash consequences of the
unusual restraints and installations documented in these cases, the Safety Board
believes that the National Association of State Directors of Pupil
Transportation, the National Association of Pupil Transportation, and the
National School Transportation Asssociation should-alert their members to the
dangers of such systems and urge them to correct the installations. Students
also need to be instructed in the proper use of restraints.
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INJURY OUTCOME

Overall Passenger Outcome

Restraint use cannot guarantee that an occupant will be uninjured in a

crash. Although restraint use was high in the Safety Board's cases, two-thirds

of the passengers in small school buses built to Federal school bus standards

were injured. Those who were unharmed included restrained and unrestrained

passengers (cases 2, 3, 11, 12, 21, and 23). In some accidents, an unrestrained

passenger was the only uninjured occupant in the vehicle; in others, a restrained

passenger was uninjured.

Fortunately, when school bus passengers were injured, minor injuries were

.usually all that they received. For example, 122 of the 167 passengers in the

case vehicles built to Federal school bus standards were known to be injured, but

of these 122, 100 suspined minor injuries only. Few passengers, regarAless of
thlir restraint status, received more than moderate injuries (table 4).2z

Minor Injuries
'

The most common minor injury was a facial laceration, followed by

contusion to leg or arm. Minor head and facial injuries were especially common

among lapbelted passengers. Because a lap-only belt does not provide upper
torso restraint, the upper body of the lapbelted passenger is free to move, in

some situations more violently than an unrestrained passenger due to the

jackknife effect. Lapbelted children also received minor abdominal contusions

from the belt in several cases (cases 5, 6, 7, 12, 13, 17, and 22) (see footnota

22).

Moderate and Above Injuries

Only 22 of the 167 passengers received more than a minor injury. Moderate

injuries accounted for half of these injuries. Unrestrained passengers were not

overrepresented in these injuries. Of the 12 passengers sustaining moderate

injuries, 7 were restrained, 4 were unrestrained, and restraint status was

unknown for 1. The same pattern held true for the 8 passengers with serious

injuries: 6 were restrained and 2 were unrestrained.

For more detailed analysis of the differences in injury outcome for

restrained versus unrestrained passengers, the reader is referred to the case

summaries in appendix B. The Safety Board did not conduct further numerical
comparisons because of the smallI numbers of passengers in the study and the

importance of crash severity in injury outcome. For example, one accident

involved 2 1/4 revolutions in which 11 passengers were unrestrained; another case
involved a minor head-on collision and 9 lapbelted passengers. These cases are

too dissimilar in severity and crash dynamics to draw any comparisons about the

22 This cutcome was not true in the cases involving school vehicles not built to federal sstv:01 bus

standards (see appendix 0). These crashes were generally more severe than those in *kith vehicles were built

to school tus standards, and leobelted students Tared worse, sometimes incurring total lapteltinduced

injuries (case 26).
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effect of restraint use. A more useful compari-son is to look at the outcome for
restrained versus unrestrained passengers in the same vehicle. Even within a -

single accident, comparisons based on restraint st-atus can be misleading if the
occupant's seating position and its relationship to the crash forces, intrusion,

or other causes of injury are not considered.

Importance of Seating Position

Seating position, more than restraint status, appeared to influence injury

outcome in most of the accidents investigated for this study.23 Lapbelt use,

however, appeared to have contributed-to-head injuries sustained by occupants of

the front rows who faced a restraining barrier. In a frontal crash, a lapbelted

passenger will jackknife over the belt and strike the barrier. Barrier design,

or absence of a- barrier, also may have led to injury for unrestrained

passengers. In the cases investigated, two passen-gers in vehicles built to

Federal school -bus standards died from their injuries (case 17). One was

lapbelted; the other was net. Interaction with an abbreviated restraining

barrier aggravated their injuries.

-Differences Between Safety Board and Police Accident
Report Data on Injury Severity

Many law enforcement officials use injury classification systems fhat have

very broad classifications for injuries, tJch as the KABCO scheme. In KABCO, for
example, a broken arm and a broken skull are both coded as "A" _(incapacitating)
injuries, despite their vastly different threat_to life. Internal-injuries, such

as intra-abdominal lacerations, are not likely to be coded at all.

Accident reports examined for this study --that--were filed by police or
schools sometimes underestimated the severity of injuries sustained. In case 19,

for example, the lapbelted school bus driver was listed in police records as
having sustained minor injuries: the driver stated such to police immediately
following the accident. These "minor" injuries ultimately prevented the driver

from working for 48 days. Safety Board investigators determined that the driver

had sustained at least moderate (A1S 2) inju;sies.24

The KABCO coding classification also obscured important differences in

injury severity among passengers. For example, in case 16, all nine passengers
were listed in the police accident report as receiving "A' level (incapacitating)_

injuries. The Safety Board determined that the severity of injuries varied

widely; two passengers were uninjured, two received minor injuries only, two

sustained moderate injuries, and three were seriously injured.

23 This study collected data on laptelt performance in the crashes investigated for the study; it did not

ettmlet to determine whether lapbelts could cause or prevent injury in noncrash situations. The 1989

survey of New York State SINNA districts found that lapbelts cen- cause injuries- in -noncrash situations: 204

Injuries resulted frcel seatbelt useseattelts were used as weapons, used to trip passengers, and metal

splinters caused injuries. Seattelt.related injuries increased 460 percent since the 1988 New York survey

while ,the miter of buses with seatbelts increased 38.6 percent.

2- L The driver had sustained deep contusions co her face from contact with the- rearview--mirror -and deep

contueicms on her atdonen inckiced by the lapbelt (she had slipped off her seat during rollover but remained

suspencihd by the telt webbing; the schoc,l bus had come to fest on its right side).

40



1,v.q

31

Safety -Board investigators found that injuries, particularly minor
injuries, often went unreported by the police. In case 10, for example, the
police accident report listed 8 of the 10 students on the bus as uninjured. The
Safety Board investigator determined that only two students were unin'jred. In

other cases, injury information on the police reports was inconsistL dith the
evidence: cases 1, 2, 5, 12, 13, 15, and 16. Minor injuries sustained by
lapbelted passengers often were not reported.

Limitations of the KA6C0 injury coding system are illustrated in table 2
and in appendixes J and K.

School accident records also are not complete and do not provide detailed
data on location or severity of injuries. Most school districts have an
established policy that all school bus passengers involved in a crash, regardless
of observed injury status, must be transported to an--emergency room for
examination. The hosital emergency room records then become the source_ of injury
information. The Safety Board found instances when some parents, alerted by
local news reports of the accident, drove to the crash site and took their child
home or_ to the family physician for examination; injury_ information for such
instances may not find -its-way into official school records. Then too, some
injuries, such as muscle sprains or abdominal bruising, may not manifest
themselves until days after the accident.

Uniform School Bus Accident Reporting Form

The reporting problems documented in this study are part Of_ a larger
concern: school bus accident and injury statistics, overall, are less than
adequate for research purposes and hamper analysis of what safety countermeasures
are needed and would prove most effective. For example,--there is no standard
definition of "school bus accident" or "school bus-related accident." Iniury
reporting is also widely divergent. For example, in 1987, Maryland reported :oat
less than 10 percent of all-school bus accidents resulted in injury. New York
State, however, reported that 60 to 66 percent resulted in injury.

These shortcomings are not new. As a Congressionally funded Transportation
Research Board study (Transportation Research Board, National Research Crnncil
1989) pointed out, the Secretary of the U.S. Department of Transportation
outlined the problem in 1977:

Wholly reliable information on school bus accidents is not
readily available on a national basis. This is particularly
true for ronfatal injury accidents, and even more so for
accidents in which no injury is present. The information
deficiency exists with respect to descriptive statistics as
well as to accident-injury causation data; and it stems from
both inadequate investigations at the accident site and the
lack of a formal and systematic data collection and synthesis
process to produce aggregated information.
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Solutions do exist to some of the problem. The 198E- tional Conference on
School Transportation--a conference of State Pupil Tra, )yrtation Directors,
local school district personnel, contract operators, and alvisors from the school

bus industry--proposed a uniform school bus accident report form that would
provide standardized reporting of school bus accident data throughout the school

bus transportation industry. The Conference has adopted this form, but it is too
soon to determine if school districts will use the standard form and generate the
type of data useful to determine what types of accidents, nationwide, produce
serious injuries to school bus passengers. (It will be vital that trained
personnel complete the accident forms to generate accurate data.) Had this form
been in use throughout the United States, the Safety Board would have been able
to compare the performance of the Type A and Type B school buses in its

investigations to the universe of accidents involving school buses of those
types.

1
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RESTRAINING BARRIERS

The forward portion of the interior of a school bus has many elements that

can-cause injury if contacted in a craSh, including the stairwell, dashboard,

windshield, and boarding door mechanism. The area immediately around the school

bus driver is particularly hostile: the gearshift and steering wheel- have the

potential to inflict serious injury.

To prevent front row passengers from being thrown into this hostile

environment, Federal standards mandate a restraining barrier, sometimes called a

modesty panel, to be installed on a school bus with. a GVWR More:than 10,000

pounds. These restraining barriers are to serve the same function as seatbacks:

to provide a form of built-in crash protection called compartmentalization. _

A compartment is formed by the occupant's own seat and the back of the seat
directly in-front; the seats are required to cushion the passenger's body in a

crash by "giving". in a controlled deformation and are required to remain firmly
attached to the floor and sidewall. -for occupants of front seats, a restrainino
barrier is substituted for the back -of a seat in front. The barrier must meei
the same requirements as seatbacks; that is, 'have the same spacing and dimensions

and the same performance requirements- under testing conditions.Specified in the

standard.

Compartmentalization has-been required on all Type B, C, and D school. buses

manufactured since April 1, 1977. Because compartmentalization is supposed to
provide the craih protection needed by passenrrs, these buses are not required
by Federal regulations-to have lapbelts installed.

At least.a lapbelt, however, is required to be installed by the vehicle

manufacturer__ at every seating position in_Type_ A school buses.

Compartmentalization is not required on Type A school buses, and- hence is

incomplete or lacking on. many Type A school buses. According to Federal

standards, for example, a restraining barrier is not required in front of the

first row seats. Seatbacks must meet the same requirements for height and head
impact protection zone as do larger school buses, but there is no restriction on

the maximum amount of space between seats._

In contrast, Canadian school bus safety standards -requirethat all school

buses, regardless of size, meet the same compartmentalization standard's. All

school buses must have front seat restraining barriers installed that meet all

the requirements for seatbacks--padding, dimensions, and forward deflection

performance. Occupant crash protection on all school buies is provided entirely
by-means of compartmenttlization, and seatbelts far passengers are not required

on any size school bus.b

The result of the U.S. standard is that front seat occupants of Type A
school buses have little, if any, built-in crash protection. Some Type A schocl
buses have no frontal restraining barriers. Some manufacturers provide one or

more barriers," but without Federal standards, the barriers-can vary in

height, width, padding (or have no padding at all), and attachment strength.

25 Canada does not rvcomond that tapbetts be &stetted for passengers. Crash tests conducted for

Transport Canada in 1984 end 1986 suggest that lopbelt use by passengers, in ell sites of school buses.

increases the chance of head injuries (transport Canada 1983; Davis Ingineering Limited 1966). i

26 Restraining barriers are required by many States am: ere-written into their school brJ5 specifications.
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The -Safety Board's 19 cases involving Type A school buses provided a

variety of barrier configurations.
Some buses had only one barrier, on the right

side; pasmngers seated in the left front row faced directly into the driver's

seatback." Other buses had barriers on both sides of the aisle. Barrie.s

differed widely in design, sometimes even on the same bus: some were free

standing, others had stanchions reaching to the ceiling, still others consisted

of a guardrail and stanchion only. Barriers also differed in the amount and

location of padding (some were not padded, others were padded only on the lower

portion of the barrier or on the guardrail only), and in size and Shape (some

barriers were narrower and lower than the seats)48._(fig. 6). The presence of

such_ objects directly in front of a seated passenger--either unrestrained or
lapbelted--can present a hazard (and did in some of the accidents investigated

for this study).

Crash Performance-nf-Barriers

Conseouences of barrier desinn,--Data are available in the case summaries

in appendix B of the injury outcome for 47 front Seat occupants of-Type A school

buses. The design of the frontal barrier is most crucial when frontal impact is

involved because this iSithe crash configuration during which the body of tt!e

passenger in the front seat will most likely interact with the barrier. This

study_provided data on the body movements and injuries-sustained by 30 passengers

seated in the front rows.of Type A school buses in accidents where frontal impact

was the principal event: .0f these passengers, 19 were restrained, and 11 wer:

unrestrained.v In only one accident (case 17) were unrestrained and

restrained passengers seated next to one another on the same front seat. Thus,

other than in this case, the-Safety Board -wras not able to compare directly the

experience of lapbelted versus unrestrained passengers on the same front seat

regarding _interaction with the barrier. .

When frontal barriees were present in Type A school buses, their design and

placement allowed closed head injuries, sometimes of a serious nature, to occur

to both lapbelted and unrestrained passengers in frontal crashes.J0

Furthermore, when barriers were not present, unrestrained front row passengers

were thrown into the driver's seatback or into the front of the bus, sustaining

injuries. Appendix C indicates the cases in which the absence or design of the

restraining barrier was a factor in occupant injuries.

The recent school bus study issued by the Transportation Research Board

estimated that only two to three passengers are killed annually while riding

on a small school bus (Transportation Research Board, National Research Council

1989) (appendix L). The Safety Board's study presents data for six fatally

injured passengers of small school vehicles, only two of whom were being

transported by school buses built to Federal school bus standards. Both of these

fatalities occurred on a Type A school bus and both involved interactioa with a

frontal restraining barrier. Details of the accident follow.

27 In such a case, the driver's seetbare would hove to meet porforaerce recuirervvIts for the hese

protecticm cone.

28 In son type II school buses with two restrairdho barriers, lee barriers were Or al,'srsa: hvots

(Case 16, for example).

29 Restraints included triptelts and chi'd safety coats.

18 Closed heed injury is the most cannon sOriOUti neurolosic disorder in :the United States, comi even ore.

or moderate heed trauma CAM cause Ione.lastino symptoms (Fisher MSS).-
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Figure 6.--The types of restraining barriers found in Type A
school buses vary widely. Note the exposed bolts'in the top
photograph (case 3), and exposed metal guardrail near wall
anchor in the bottom photograph (case 5). Both lapbelted and
unrestrained passengers seated directly behind these barriers
received facial and head injuries.
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Both fatalities_occlirred in the same accident_(case 17). A lapbelted and
an unrestrained passenger-31 were seated next to one anothu ',I the right front
row, facing an abbreviated restraining barrier, which consisted of only a metal
.panel surrounded by a lightly padded, tubular steel frame. The barrier was abcla
9 inches away-from the seat and was considerably lower and narrower than the
seat it faced. The barrier measured 29 1/2 inches from the floor; the.seatback
was 41 1/2 inches from the fioor. The barrier was 28 inches wide; the seat was
-39 inches wide, A barrier so designed would not meet Federal standards for large_
school buses.J4

The small school bus had been slowly climbing a hill when 'it Was struck
head-on by an out-of-control truck that was overturning at an estimated Speed of
.40 mph. The buS was struck again on its left side as the truck rotated (fig.
7). During the crash, a 7-year-old in the front seat by the right window
jackknifed over-his lapbelt and_struck the_left side of his head and neck- on the
tubular frame of the modesty panel. He sustained maximum -(AIS 6) -injuries,
-including a lacerated larynx, a fractured and dislocated ceriical spine, crushed
spinal cord, and brain hemorrhage. He died instantly: A 17=Year-old boy .in the
center front' seat received critical (AIS 5) injuries, including a head injury
and fractured- left femur 4nd right-tibia. He -died- several days later. This

-pasSenger-was found in the stairwell by rescuers; _Safety Board investigators-
determined that he had struck the left side of the restraining -barrier nhile
moving forward and to his left, catching his right leg on the abbreviated barrier
and pivoting around it. The barrier.could not.contain him. He then continued
forward into the boarding door control, fracturing tis left femur, and into the
windshield header, where he sustained a-fatal head injury (fig. 8).

The school bus also had a restraining barrier on the left side, of
different design. It had no panel but only a lightly padded stanchion post and
horluintil bar, level WTth ttee-top of the drivie's seatback. An urii'iitrained 3-
year-old sitting directly behind the-driver was propelled against the driver's
seatback during the crash and- was found lying on the floor underneath the
driver's seat following the crash. Fortunately, the child received only minor
injuries.

Case 17 was the only accident investigated by the Safety Board in which the
design of the restraining barrier contributed to fatal injuries. However,
survivors in other cases were injured by interaction with the barrier as well.
For example, the design of an abbreviated restraining barrier on the right side
of the Type A school bus in case 15 may have allowed an unrestrained adult aide

31 throurtout this report, discussim is based on the restraint status and body movements of injuredstudents as determined bY the Safety 'Ward investigators. Restraint status frequently differed from that
reported by police and the media. For eamadle, in case 17, one of the fatally injured polmoneerso
originally reported in official account, es unbelted, was determined by the Safety bard as restrained. The

rorifor reported lactait.induced bruises On t%4 ViCtiMVS pelvis. In addition, this fatlly injured 7year
old wits reported W media as being foind in the stairwell; 4 was actually found seated In a bench seat,
restrained by his tactett.

12 Restraining barriers in Types 5, C, and 0 school Wan are required to be equal to, or larger, than
tme facing seat.
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Figure 7.--Damage to the small school bus in case 17 was
mainly to the left front, yet the fatally injured passengers

were seated on the right. Passengers on the left side

received minor or- no injuries; restraint status -did not-

influence the injury outcome for passengers on the left side.

Figure 8.--Artist's sketch of body movements of the two
fatally injured passengers in case 17 at the moment of initial
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to sustain a fractured pelvis. Like the 17-year-old boy in case 17, the
driver's aide was found in the stairwell following the crash.- A metal panel,
framed by lightly padded tubular steel, was positioned between the right front
seat and the stairwell, but it did not extend far enough to prevent the
unrestrained aide, seated on the aisle seat of the right front row, from being
thrown forward during the frontal impact. She struck the boarding door control
and fell into the stairwell.

Risk of head iniurv,--In the Safety Board's cases, lapbelted passengers
appeared to be at risk of more serious head injuries from barrier contact than
did unrestrained passengers. . This finding is consistent with the crash dynamici
for-a lapbelted passenger versus an unbelted passenger in a frontal crash. In a
frontal crash, the lapbelted passenger, restrained by the belt around the pelvis,
will pivot forward, striking the barrier with head or neck as he or she
-jackknifes forward. In contrast, th-e--whole bock:, of an unrestrained passenger
would move forward and impact the barrier. In general; when forces of impact are
spread out- rather than concentrated on one area of the body, they are less
injurious.

In addition to the fatal head injury in case 17, nonfatal head injuries
were also sustained by lapbelted passengers in Type A school buses involved in
frontal crashes. Examples follow:

Case 15. A lapbelted 5-year-old passenger seated in the right front row,
by the window, sustained a serious (AIS 3) closed head injury, and contusions to
his forehead and left side of face from contIct with the restraining barrier. lie
jackknifed into the abbreviated barrier in front of him when the small school bus
struck a passenger car with its left front, at an estimated speed of 50 mph
(fig. 9).- A lapbelted 5-year-old--passenger seated--on the left front r-ai
sustained moderate (A15-2) closed head injury, probably from contact with the
driver's seat back; no barrier was present.

Case 12. Both restraining barriers were closer in size and appearance to_
the type of barriers in large school buses, but only an inch of styrofoam padding
'covered the wooden frame on the side facing the passengers. When the school van
struck a.fixed object head-on (21.7 mph Delta V) and then rolled onto its side, a
5-year-old lapbelted passenger seated on the aisle in the right front row
jackknifed forward and struck the barrier, sustaining a moderate concussion.
This injury was the worst sustained by any passenger, restrained or unrestrained.
in the van. A lapbelted passenger seated next to him, by the window, received
abrasions and contusions to his head, and one of the two lapbelted passengers in
the left front row also sustained minor head injuries from contact with the
barrier.

Case F. When the school van, traveling 29 mph, struck a passenger car
head-on, the two lapbelted passengers, ages 10 and 11, in the right front seat
pivoted forward and hit the lightly padded crossbar of the- barrier. The barrier
consisted of a panel supported by stanchion 4nd crossbars (see figure 6). -One
pssenger received a concussion, zeld the other, a closed head injury.

In still other accidents, lapbelted and unrestrained passengers sustained
minor head and facial injuries from contact with the restraining barriers. Most
involved minor crash forces, as in.case 3 (Delta V 9.5 mph).
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Figure 9.--This abbreviated restraining barrier was on the
right side of the Type A school bus in case 15. No barrier

was on the left side. The passenger seated behind the barrier

next to the window sustained a serious concussion when he
jackknifed over his lapbelt, striking his head on the barrier.
The unrestrained passenger seated next to him on the aisle was
not contained by the short barrier and was flung forward,
fracturing his pelvis.

Cioadiah crash tests on risk of head iniurv.--Crash tests conducted for

Transport Canada also suggest that lapbelted passengers seated behirid-.--a

restrainIng barrier, regardless of whether it meets large schoOl bus stahdards.or

not, would be at increased risk of head injury- compared to unrestrained

passengers in the same vehicle (Transport Canada 1985; Davis Engineering Limited

1986). The 1984 tests used three different sizes of school buses_ in 30-mph

frontal crashes. Lapbelted anthromorphic dummies registered higher head injury

scores (usually three times higher) than unbelted dummies, especially on the

smaller school vehicles. The difference was particuarly marked for anthromorphic

dummies in the front row, the positions that had restraining barriers facing

them. (Because the tests used Canadian buses, the restraining barriers on small

buses also met the same standards for barriers in large school buses.) The
lapbelted anthropomorphic dummies also showed severe rearward neck flexure after
striking the seatbacks or restraining barriers with their heads.
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Two of the three school vehicles tested- were Type A school buses. The

lapbelted anthropomorphic dummy in the front- row of the Type A school van

conversion registered a head injury criteria (mg of 2,016 compared to 369 for

the unbelted anthropomorphic dummy next to it.3.5 In the Type A small school

bus, the lapbelted anthropomorphic dummy in the front seat measured a HIC of

2,505 compared to 893 for the unbelted anthropomorphic dummy (fig. 10).

Almost all of the crashes investigated by the Safety Board involving Type A

school vehicles were probably lower in severity than those in the Canadian crash

tests, but the accident investigations as a whole do suggest that lapbelted

passengers in the front seat run the risk of head injury from contact with a

restraining barrier.

Anchorage strength for restraining barriers.--In the Transport Canada crash

tests, researchers documented that the frontal barriers in Type A school bum

tore loose from their anchorages or became dislodged (Transport Canada 1985).44

In the Safety Board's study on small school buses, this occurred in cases 7, 10,

16, and 17 (fig. 11). The-anchor points of restraining barriers in Type A

school buses in the United States do not have to meet any Federal performance

standards.

Criteria for head orotection.--Because head injuries potentially have

serious consequences on a child's cognitive and behavioral development, the

Federal Government has established performance requirements for passenger head

and face protection as they pertain to school bus seats and restraining barriers.

These requirements are written in FMVSS 222 and apply to all sizes of school

buses. Hence, front seat passengers of Type A school buses in the Safety Board's

study faced barriers that satisfied Federal head protection requirements.

The standard head protection test consists.of a_head form device_weighing

11 1/2 pounds striking any "contactable surface" within the "head protection

zone" at one of two specified velocities for impact. (See figure 12 for the

dimensions of this zone. The sidewall, window, and door structure are excluded

from the head protection zone.) At the high impact velocity (22 feet per second,

close to Delta V 15 mph), the deceleration of the center of gravity must be such

that the HIC value is less than 1,000.

33 NIC Is a treasure of the forces the head experiences during the crash. It doei.not minute injury to

the neck or 'facial laceration. The higher the NIG score, the greater the lIkellhcod of serious or fatal

injuries. The federal Government requires that cars primed with automatic restraints not exceed a NIC of

1,000 In 10 sich crash tests. individJals, however, have a wide range of tolerance to injury. Consequently,

although there are relationships between dungy test results and roctuel injuries, there is no single cutoff

paint for serious injury or death. Nigher scores indicate a higher potential risk end lower scores indicate

lower potential risk. In addition, even a moderate head Injury can have long-tern effects on memiory and

learning ability.

34 The anthropomorphic dump, in the school van used in the tests contacted the forward restralnins

dottier, the barrier's nchorege baits pulled out of the floor, and the dunst was then hurled forward into

the dash and windshield, and came to rest in the stairwell. Transport Canada concluded the dewy would hes,

been ccntained within the seating coqdartment had the barrier not pulled lcose from its anchors.
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Figure 11.--A sharp projectile was exposed (arrow) when the
anchor point for a restraining barrier in the Type A school
van separated (case 10). No unrestrained passenger,

fortunately, struck the area of the roof during the 2700
rollover (10 of the 11 passengers were not using the available
lapbelts at the time of the crash).
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Figure 12.-- The dimensions of the head and.leg protection
zones apply to all sizes of school buses.
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A study ddne for Transport Canada, however, indicates that the validity of

this criterion is questionable (St. Laurent 1983). Earlier research, in 1979,

reported on tests in which prestandard school bus seats with and without any

extra padding were struck in a manner conforming to the test requirements of

FMVSS 222. All impacts directly against the metal crossbar also produced results

of HIC values less than 1,000. The Safety Board believes the head protection

criteria may need to be revised.

tack of criteria for thorax or abdominal iniurv.--In contrast to head

injuries, the Federal Government currently has no criteria for abdominal, spinal,

or thorax injuries. Researchers do not know what the thresholds for these

injuries are; that is, how much force and at what duration to these regions of

the body will result in serious or fatal injuries. The Hybrid III dummy can

measure thoraic forces, but what it means in terms of human injury is unknown.

No dummy currently has been-approved by the Federal Governmentfor recording

abdominal pressure. The lack of appropriate anthromorphic dummies and injury

criteria hampers researchers in discussion of neck, spinal, and abaomen injuries

in relationship to lapbelt use and barrier design. For example, the fatal neck

injury sustained by the lapbelted.passenger in case 17 probably could not have

been predicted from available V crash data: the Canadian crash tests did not

measure thoraic forces.

One manufacturer, Thomas Built Buses, has conducted a series of crash

tests using a Type A school bus that suggest lapbelts on small school buses may

have the potential to inflict serious abdominal injuries, whereas lap/shoulder

belts do not. In May 1986, Calspan, the company Thomas contracted to conduct the

tests, crashed a 1986 Minotour bus into a frontal barrier at about 30 mph.- In

this test, two 6-year-old dummies and one 5th-percentile adult dummy were used.

One of the 6-year-old dummies was secured only by a lapbelt;_the other 6-year-old

dummy and the adult dummy were secured by lap/shoulder belts. road cells were

placed on the belts to record the forces exerted on the abdomen and pelvis.

On the 6-year-old dummy wearing the laphelt only, tension forces in the

lapbelt during the crash translated into "direct lap abdominal total pressures of

1,768 pounds at peak and in excess of 1,200 pounds on the lap or abdomen for a

significant time period" according _to Calspan (Calspan 1986). For coMparison,

the director of engineering for Thomas Built Buses Offered an auto investigation

involving a 128-pound adult female in which 1,573 pounds of abdominal pressure

resulted in injuries which included tearing of the liver and lacerations of the

colon (Cesari and Ramet 1979). The dummy wearing the lap/shoulder belt,

registered much lower belt forces. The belt forces translated into "lap

abdominal pressure 44G at peak and above 300 pounds for a significant period of

time."

In the Safety Board's cases involving school buses built to Federal cchool

bus standards, no lapbelted passenger sustained more than a minor abdominal

injury from the lapbelt. This was not the case, however, in the few accidents

involving school vehicles not built to Federal school bus standards investigated

as part of this study. These accidents were all of greater crash -severity-than

those involving school buses built to Federal standards. It may be that higher

crash forces, tnot the difference in vehicle configuration, were responsible for

the lapbelt-induced abdominal and spinal injuries. Cases are too limited in

number to draw conclusions. The crash test conducted for Thomas Built Buses

using a Type A school bus with abdominal sensor on the belted anthromorphic dummy

suggests that further testing is needed.
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Possible Solutions to the Problem of Restraining Barrier Design

The interior (that is, the seating design) of a small school bus must
provide crash protection to both lapbelted and unrestrained passengers. A basic
problem occurs, however: many approaches to ameliorate the chance of more-than-
minor held injuries sustained by lapbelted passengers from interaction with the
restraining barrier (or seatbacks) appear to compromise or negate the
compartmentalization that protects unrestrained passengers. Some options to
resolve this problem appear more promising than others; a variety of approaches
appear below.

Removal of restraining barrier.--Although removing the barrier may appear,
at first glance, to be the easiest solution, the Safety Board does not consider
this an option. Unrestrained passengers need a barrier for crash protection, and
there will be unrestrained passengers in small school buses despite the

--availability of seatbelts; Some passengers in.the front rows will not-wear the
available lapbelts or the lapbelts may be vandalized. In case 4, for example,
an unrestrained passenger seated in the left front row was thrown forward-into
the stairwell, fracturing his leg. The school van had no restraining barriers
and the lapbelt at his-seating position haa been vandalized by students and was
inoperable. This accident occurred in California, but data from New York and
other States suggest that vandalism is not an isolated occurrence.35

If a school district has school buses without frnntal restraining barriers
in its fleet, it is imperative that district personnel ensure that front seat
passengers wear the available seatbelts. School bus drivers an? aides should
place special emphasis on the need for front seat passengers to oe restrained
whenever the bus is in motion; the lapbelt is their only crash protection.

_ -

Redesign of barrier.--The 1984 Canadian crash tests suggest that merely
requiring the restraining barriers in Type A small school buses to meet the same
standards required for restraining barriers in larger school buses (essentially
the same performance and design requirements as for seatback) will pot suffice.
Lapbelted passengers sustained unacceptable head -injury scores. The Sofety
Board's accidents involving Type B school buses do not shed light on the problem.
The Safety Board investigated only five accidents involving Type B school buses,
small school buses built to standards for large school buses and hence have
restraining barriers identical to those found in large school buses. The small
number of accidents, only two of which did not involve rollover, did not yield
data for comparison. The design of the restraining barrier, in terms of crash
consequences for lapbelted passengers, will be most crucial in a frontal crash
because of the "jackknifing" reaction of lapbelted passengers.

Changes in Spacing. Changes in seat spacing conceivably would lessen the
possibility of harmful interaction for lapbelted passengers, but
compartmentalization, which relies on closely spaced seats and direly spaced
restraining barriers to provide built-in protection to unrestrained passengers,
could be compromised. It is not clear by how much distance the spacing could-be
increased.

1,

35 Fairfax County, Yiroinie, for example, reported the yandalization of seatbelts and the theft of bucklesas a major problem: "Hindreds of belts have already boon replaced, oyer 500 in.the last two months alone."
(Letter froe C. Fronk Dixon, Director of transportation 1eryices, Fairfax County Publ;c Schools to the'
Transportation Research Board, October 2, 1987.)
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Increasing seat spacing to 40 inches, as originally proposed by theDepartment of Transportation (DOT) for use with lapbelts and suggested by somestudies as the minimum spacing needed for lapbelted
passengers on a school bus,would negate the protection compartmentalization provides to unrestrainedpassengers. Increasing the seat spacing by smaller increments, with the intentof maintaining compartmentalization, may also not ameliorate the problem. The1984 Canadian crash tests experimented with various seat spacing (20, 21, 24,26, and 27 1/2 inches), but found that in allpractical

seat spacing, lapbeltedpassengers still susta:ned higher and unacceptable head injury scores than didunrestrained passengers (Transport Canada 1985).

_ .The relevancy of the Canadian school-bus crash tests
_

have been criticized,and dismissed by some, on several grounds, including the facts that the testsdid not use a Hybrid III anthromorphic dummy with its greater biofidelity andthat researchers used the adult Head Injury Criterion (HIC) of 1,000 as-thethreshold for serious and above _head injuries. The Safety Board is notcomfortable dismissing the Canadian test results on these grounds.

The anthromorphic dummy used in the Canadian tests was a reasonablefacsimile of student bodies, and the type of-dummy was.similar to those currentlyused in U.S. car crash tests. The Hybrid III dummy is currently an option only incertifying compliance with FMVSS 208; no date has been set by which the HybridIII must be the standard dummy.

No Hybrid III dummies approximating a school-age child have been acceptedby DOT for compliance testing; scaled-down adult dummies are used (5th-percentileadult female dummies are used because they have body
mass apportionment closer tochild; that is, top heavy).

. Critics of the Canadian tests have suggested that a H1C of 2,000, insteadof 1,000, would have been more reasonable for children
(Transportation ResearchBoard 1989). The U.S. Government currently uses a HIC of 1,000 as injurythreshhold in its testing of child safety seats and in all occupant protectiontests. There is no agreement as to what a suitable HIC for children may bebecause children have thresholds to head injury that vary dramatically accordingto age (Dejeammes and others 1984, Foust and others 1977, Snyder 1969, Snyder andothers 1977, StUrtz 1980). Allowing a higher HIC than 1,000 could havepotentially fatal consequences to teenage passengers who have adult tolerances;adult aides on board school buses also would be at risk of head injury. TheSafety Board also notes that New lork--the only State to mandate that all schoolbuses, regardless of size, be equipped with lapbelts for passengers--has requiredextra padding in the seats such that when tested, the HIC must not exceed 800, alower, not higher, threshold.

Increased Padding. Additional padding on restraining barriers (and seats)may ameliorate chances of head injury. What thickness, material, and location ofpadding is necessary is not clear. In 1986 tests for Transport Canada, thethickrcss of energy absorbing foam in the head impact area was increased to seeif increased padding would reduce the severity of head impacts for lapbeltedpassengers (Transport Canada 1987). Two foam densities were used: a denser, highenergy absorbing foam was used around the seat frame, and a less dense foambetween the inner foam and seatback upholstery. The extra foam was localized atthe top of the seat and part way down the back.
1
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The performance of these contoured padded seatbacks was tested using
instrument-equipped lapbelted anthomorphic dummies (5th-percentile adult female
aummies). Head-on and oblique sled tests were conducted at 30 mph. The HIC
results were essentially the same for the standard, unaltered seatback (Transport
Canada 1987) (fig. 13).

Less Aggressive Barrier. Another possible approach to reducing head
injuries from interaction with a barrier is to design the barrier to be more
"forgiving"--that is, to deform more readily when struck. Research ;s necessary
to determine if this approach has promise. The 1986 Canadian sled tf:sts tested a
less aggressive seatback in combination with a lapbelted anthromophic-dummy and
found the HIC remained essentially the same (Transport Canada 1987) (see figure
13). (Peak head acceleration was, however, substantially lower and chest
acceleration alco somewhat lower than for the unaltered seat.-)

Height. Height of the barrier is another factor_that needs to be re-
examined. Perhaps the barrier must be 28 inches from the Seating Reference
Point; certainly it should not be lower in height than the seat it faces, as some
frontal barriers were in the Safety Board's cases.

Examination of Entire Seating System. The entire seating system must be
examined as a unit to provide maximum protection for a passenger. The
Transportation Research Board study (Transportation Research Board, National
Research Council 1989) summarized the problem as follows:

Any attempt to characterize the safety of school bus seats by
a single factor (e.g., seat back height or seat spacing) is
overly simplistic.

FMVSS 222, as now written, does not appear to provide the same level of
protection for passengers in the front seats on a Type A school bus as it
provides for passengers in the front seats on larger school bus (Types B, C, and
D). This holds true whether the passenger is lapbelted or unrestrained. The
1984 and 1986 Canadian tests- suggest to the Safety Board that all aspects of
restraining barriers--location, size, spacing, -and anchorage strength--should be
reconsidered in light of their interaction with the body movements of lapbelted-
passengers (see figures 10 and 13).

Research clearly is needed to determine the optimum design of restraining
barriers in Type A school buses. In the meantime, if school districts order
small school buses with barriers, they are advised to order buses with barriers
more closely approximating those currently installed in a larger school bus.
These barriers probably provide protection superior to the exposed metal rail,
poorly padded, or abbreviated barriers seen in the Safety Board's cases.
Restraining barriers also should be provided for both the left and right front
seats.

installatton of Lap/Shoulder 8,e1 ts,--Installation of lap/shoulder belts,
instead of lapbelts, for passengers in the front row, or at all seating
positions, would immediately lesen the chance of inj!:rious head contact with the
barrier or seatback, regardles of seating design. 1.4/shoulder belts provide
upper torso restraint that lapbOlts do not; A lap/shoOder-belted passenger will
not jackknife forward in a frontal crash: the upper body is restrained.
Lap/shoulder belt use would also lessen the chance of abdominal injury 'compared
to lapbelt use, because the restraining force i-s*c.Spread lout over a-larger portion
of the body.
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Rulemaking is underway that may result in lap/shoulder helts being

available for certain- school bus passengers. In response to the Safety %oard's
lapbelt study (National Transportation Safety Board 19e6), the National Hicjhway

Traffic Safety Administration (NHTSA) has issuea an Advance Notice of Proposed
Rulemaking to -require lap/shoulder belts at all outboard seating positions in

passenger vehicles. This requirement would include Type A school- buses. 'The

Safety Board is Pleased that rulemaking is underway. If lap/shoulder belts are
_installed and used, some of the danger of interactinj with school bus restraining
barriers (and seatbacks) will be lessened for window seat passengers. Passengers_

sitting in the middle or the aisle positions, however, will still have only a

lapbelt available.

Research it needed to explore whether it is technically feasible to inttall

lap/shoulder belts at all seating positions. It may be that current Federal

standards mandating school bus seat design, seatbelt anchorage and installation,

and school bus joint strengthWill have to-be somewhat modified to permit Instal-

lation of- lap/shoulder belts. Certain questions will have to be -answered,

Where can-the shOulder harness bernounted?

If the shoulder harness must be -attached.- -to the

seatframe, can added padding compensate for the
increased "stiffness" of the frame Canadian researchers
and U.S. manufacturers believe will-be necessary?

Can proper geometry ofr._the shoulder _belt attachment

points be maintained?

-Will bus-seating capacity be altered?

Multipoint restraining systems;-that is. four- or five-point harnesses--do

not, at first glance, appear to be sultable alternatives to lap/shoulder belts

in terms of restraint for able-bodied passengers. Installation eroblems w,uld
exist and passengers may be less likely to use the restraint becJuse harnesses

can be cumbersome and difficult to put 6n and adjust.properly._ Transport Canada
:reported instances of submarining out of .four-point.harriess systems .during its
1986 sled tests of different seating concepts in_frontal and oblique (30 degrees

from head-on) impacts (Transport Canada 1987). A new develoOment, a form of

restraining bar manufactured by Transportation Equipment Corp., Offers promise.
.The chest-high padded restraining bar functions as a "mechanical air bag" .and

appears to offer 4ncreased protection against head injury for lapbelted and
unrestrained passengers.in a frontal crash.

Rear-facing seats.--Rear-facing seas, perhaps with slightly.more padding

and higher seatbacks than currently mandated by U.S. or Canadian standards,

appear to be a promising solution (..; problem of providing crash protection to

both lapbelted and unrestrain-..F. paslengers. In a frontal crash, lapOelted and
unrestrained passengers in rear-facing, seats would accelerate backward at initial

impact into the seatback, -absorbing crash forces over their entire back.

Although lapbelted passengers might experience head contact with the seatback in

front of them on rebound, this force is considerably less than the initial

impact.
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No revision in Federal standards would be necessary to implement this
option. Small school buses --(GVWR of 10,000 pounds or less), .unlike larger school
buses, are not required--to have forward-facing seats. Therefore, States and
school_districts can order Type A school buses with rear-facing seats, either
throughout the bus -or for front rows only. Furthermore, because Federal
standards set the minimum requirements only, seats can be ordered that have
higher seatbacks or more padding than currently mandated.

The 1986 Canadian sled tests showed a substantial reduction for rear-facing
seats in all recorded injury criteria compared to the standard, unaltered school
bus seat (Transport Canada 1987) (see figure 13). Indeed, head injury scores
were very low (a HIC of about 300), below.all other test conditions.

Partly from the results of these sled tests, the Canadian government began'
a demonstration program that involved:three school buses.equipped with rear-
facing seats. The buses were operated in four 'cities-during the 1987-88 _school
*year.- Each school district using the buses was asked to record acceptance of,
and attitudes -toward, the rear-facing seats,- as well-:as other pertinent
information from students or parents.that might aid in the evaluation of the
system. The published findings-from these,fieldAests are mot.yet available.

.

Discussions with representatives of Transport Canada Indicate-that the two-
major concerns associated with rear-facing seatsmotion sickness and pupil
management--did not become major problems. Although some of the older children
complained of motion sickness when riding in rear=fating seats, the younger
children did not, which suggested that rear4acing seats might be phased into
school bus fleets beginning_with buses serving elementary grades.

Summary

This study cannot provide a clear answer for how to resolve the restraining
barrier problem. The accidents investigated for this study document that a
problem exists in Type A school buses, but they do not provide enough data for
the solution. A case study provides accurate and comprehensive data on each case
in contrast to other data sources. However, because of the limited number -of
cses and many variables that influence injury outcome (for-example, crash
configuration and severity, barrier design, restraint status, seating position,
passenger size and age), a case study cannot isolate the variables. All
variables interact to influence injury outcome.

For example, this report provided data on 19 accidents involving Type .A

school buses. Limited data oo the relationship between restraining bbrriers and
injuries became available. Some of these vehicles had no frontal barriers:
others had only one. If two barriers were present within the vehicle, they often
varied widely in design. Barriers differed in configuration, height, width,
spacing from the front seat, and amount of padding. The front seat aten is not
the first choice of student passengers as a desired seating position, so few
passengers faced the restraining barrier. Even if the Safety Board continued to
conduct in-depth investigations of TypeA school bus accidents, the lack of data
would persist.
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Accident data files maintained at the State or Federal level will not

provide.needed data. Aside from the inaccuracies of restraint and injury status

noted in this report, such files do not record seating position (hence, the

researcr- has no way of knowing what passengers were seated in the front rows),

nor do they record whether the school bus was a'Type A vehicle. .Without tracing

the Vehicle Identification-Number
(VIN); a researcher cannot know what type of

frontal barrier, if any, was present in the bus. Even determining the make and

model of the small school bus will not reveal this information because States and

local sr.hool districts often order small school buses with custom options; for

example, a specific type of frontal barrier.

Hence, the Safety Biaard believes that the NHTSA should conduct research to

determine the relationship between restraining barrier design and injuries to

unrestrained and lapbelted passengers of different sizes. Research should focus-

on-the height, width, location, and anchorage.strength of the 'barrier, and the

_spacing between the barrier and front seats. (Resultant data should help

determine the-optimum design for seating throughout the bUs.)

Computer simulation may be needed- to manipulate the many variables that

_influence injury outcome. Researchers- will--be. hindered-by the-lack of accurate

real world injury -data and data from crash tests using instrument-equfpped

anthromorphic dummies on which to model injury outcome. However, variables such

as barrier spacing, height and width, and passenger restraint status and size can

he easily manipulated in computer simulation.

.

Little crash test data are available for poststandard school buses of any

size. The Safety Board acknowledges the high cost of conducting full-scale bus

crash tests using instrument-equipped anthromophic dummies. Sled tsts offer a

_less costly_ alternative and. an .opportunity to test whatever barrier design

appears most promising. Hybrid III dummies should be-O-Sed in any sled tests--

conducted to provide state-of-the-art bioffdelity, and force readings should

include thorox and abdominal loading in addition to HIC-, Oest acceleration, and

femur loading. Test results can influence future rulemaking on occupant seating

and crash protection for all sizes of school buses.

The Safety Board also believes that NHTSA should determine the- feasibility

of installing some form -of restraint that provides upper tOrso restraint on

school buses. Current Federal regulations applicable to Type A schOcl buses

require that at least a lapbelt be provided for_each passenger, and other Federal

guidelines state.that these belts should be worn. If student passengers must be

belted, they should have the option of the superior protection afforded by a

lap/shoulder belt or another form of restraint that provides upper torso

protection. If States and school-districts wish to order large school buses.with.

restraint systems, they also should be able to provide upper torso restraints.

finally, if lapbelts prove to be the only seatbelt system that can be installed,

NHTSA should actively research the possibility of requiring rear-facing seats for

small school buses. Additional requirements for mirrors may be necessary to

allow the school bus driver to observe passenger behavior.
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STRUCTURAL INTEGRITY

An occupant's chances of surviving a school bus crash are enhanced if he or

she remains within the vehicle. The primary defense against ejection is the
structural integrity of the vehicle; floor, roof, and side panel joints must not
separate, and bus windows and doors must not open during a crash. Any opening in

the school bus body offers opportunity for occupants to be ejected. Another
defense would be seatbelt use, but ejection is still possible if the belt is worn

loosely, or if -the seat or seatbelt anchors are compromised. In addition,

available seatbelts are not always worn.

In the cases investigated_ for this study, the Safety Board documented
that the front windshields in school tiuses-became dislodged, side boarding doors

opened, roofs deformed, and body joints separated. Not only did this damage
expose passengers to the_possibility of ejection, but the deformation-and exposed
metal ed.* created potential for injury if contacted,-

Windshields

Regardless of the size of the school bus; all Windows, except windshields,

-in the vehicle_ must meet specific retention stindards set by the Federal"

Government. These standards were established to minimize the likeifhood an

occupant would be thrown from the_bus because the window opened or was dislodged

from its mounting. (The glazing materials used in a school-bus windshield,

however, must satisfy FMVSS 205, "Glazing Materials," which was established to
minimize the possibility of occupants being thrown through the windows.)

Windshields in large school bUses (GVWR more than 10,000 'pounds) are
specifically exempted from the retention performance criteria set by FMVSS 217,

"Bus Window Retention and Release." In _the_Safety Board's study_ on Type.0 and

Type D large school buses, windshields had popped out or broken out in six cases
(National Transportation Safety Board 1987b). _In two of the .six cases, school

bus occupants were ejected out of the windshield opening. In one (Hecla,
Oklahoma), the unrestrained school bus driver was found lying inside the engine
compartment following the crash: the engine hood had opened during the crash. In

another crash (Swink, Oklahoma), four students reported they were ejected out of

_the open windshield. All survived, most with minor or moderate.injuries only.

The Safety Board is currently investigating a fatal rollrover school buf
crash that occurred on May 14, 1989. near Boulder, Colorado, in which a student
seated in the front row apparently was ejected Ahrough the windshield opening and

killed; the windshield had been dislodged during the rollover. The ejected

passenger struck a boulder, dislocating.his neck and sustaining a heal injury.
The acc4dent bus was a poststandard large (Type D) school bus (NTSB field case

DEN-89-FH003).

The windshields of small schocl buses with a GVWR of 10,000 pounds or less
also are exempt from window retention standards set by FMVSS 217. By virtue of
their GVWR, however, Type A school buses fall under another Federal standard:

FMVSS 212, "Windshield Mounting." This standard, which applies to passenger

cars, multipurpose vehicles, and buses with a GVWR of 10,000 pounds or less. was
designed to "reduce crash injuries and fatalities by providing for retention of

the vehicle windshield during a crash...and preventing the ejections of occupants

61



52

from the vehicle." However, almost all Type A school' buses are exempt from

-MSS 21Z because they are "forward control vehicles," as defined by the

standard,J6 a type of vehicle specially excluded from this standard. -(Note:

Type A school buses are built on the 'same type of chassis as many multipurpose

vans. The windshield-is part of the chassis.)

The Safety Board does not agree that forward control vehicles should be

exempt from FMVSS 212. During a series of special investigations involving

forward control vans,the Safety Board found that the windshields of 10 of th:f 19

vans were not retained during the crash. Two drivers were ejected through the

windshield end a tHrd was partially ejected. Two passengers in front seats and

a passenger in a rear seat were also ejected through the windshield. As a result

of its safety study on muitipurpOse-vans.(National Transportation Safety Board

1979), the Safety Board recommended that NHTSA consider extending FMVSS 212 to

forward control vans. NHTSA did cot agree, and FMVSS 212 still exempts. forward

control -vehicles.

Hence, most small school buses are not required to meet Federal standards

for windshield retention,
although -...ome may voluntarily do so.

in this study, the. frOnt -windshield was dislodged-ror shattered-during.the

crash in seven cases.J7 Fortunately, no occupant was ejeCted through the large

opening created in the front of th2 bus. In few cases, the opening served 11

an amergency exit for the driver and some passengers aher tie crash.Jd

Windshields, however, are not designated emergency exits and are not required to

meet any of the emergency provisions of FMVSS 217.

, Because of the documented cases -of windshield dislodgement and- the

Accompanying danger of occupant ejection, the Safety Board believes that the

NHTSA should amend FMVSS 217, "Bus Windowjletention and Release," to include a

performance standard for the minimum retention orwindshields in Ithool buses.

Windshields, as well as windows, in a school.bus should-be requirecito withstand

crash forces intact.
If windshields are to functibn as emergency exits, then

they should be required to meet Federal standards for emergency exits.

Inadvertent Door Opening

If a School bus door opens during a crash, unrestrained- or imOroperly-
.

restrained occupants seated nearby can'be ejected through the opening created.

The controls for opening and closing the right front door, in some small school

buses appear to be 'poorly designed, allowing the door to open during-a crish.

56 the 1041U defines a forwerd control vehicte ow
ve configuration in which wore than half of the *mine

ienith it rearward of the orOmItt point of the wineshield base end the steering wheel hub is in tne orward

luiliter of the vehicle length."

57 Cases 10, 12, 13, 14, and V. in appendis 8; alo cases 25 and 28 in appendin O.

38 In cublic hearings connected with a 1988 church bus accident in Carrollton. Kentucky, the emit*

mentioned VW Of the winoshield area 86 an emergency gait; it, however, is not -dasignipted AM an emergency

etit in FoOsral standarah.

BESTCOPYAVAILABLE
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This led to the partial ejection and death of the driver of the school van in
case 13-. In that accident the unrestrained school bus driver lost control of the
bus on a wet gravel road; the bus rotated 1800 and overturned onto its right
side in a ditch. The driver was partially ejected and then crushed under the
frame of the boarding door as the bus came to rest on its side. In three other

cases (5, 11, and 23), investigators doeumented that the right front boarding
door either opened during the crash or was found with damaged controls after the
crash.

The design of the opening control appeared to be relatively similar in all
cases in which the boarding door was a safety issue (fig. 14). The door control
in case 8 was described in the investigator's report as follows:_

The passenger loading door latch consists of a handle near the
center of the vehicle which is connected to the door by a long
rod. The handle latches the door closed by being swung past
center in an arc. This handle is easily bumped past center,
allowing the door to open--several other drivers in the school
district stated that, on rough roads, the latch did not keep
the door from opening. The unrestrained school bus driver may
have either bumped or grabbed the door handle-of the passenger
boarding door as she fell against the door. The door handle
on the accident bus moved easily out of the locked position.
A positive latch on the door handle could prevent this

occurrence.

A driver restrained by a lapbelt can also inadvertently open a door
control without a positive latch. Because it provides no upper torSo restraint,
a lapbelt will allow the torso of a restrained driver to strike the door handle
during the accident and inadvertently open the door. The driver could also grab
the door handle for support during rollover and inadvertently open the &or. A

driver restrained by a lap/shoulder belt also could, in tertain accident
configurations, open the door by sliding out from under the shoulder harhess and
striking the controls. In the Safety Board's cases, the right front boarding
door opened in crashes in which the school bus driver was restrained. In two
cases, Safety Boardinvestiptors also documented that unrestrained passengers
.seated in the front rows of the bus moved forward, struck, and deformed the door

controls (cases 15-and FY);

The DOT has identified boarding door, latches as a school bus safety
problem. A report issued in 1973 stated the following:

With buses in motion, when brakes are applied, children
standing in the area of the first step have been thrown
against the door latch connecting rod. As a result of a

child's momentum, the "over center" latches have, in some
cases, unlatched, allowing doors to open. Better operating
door mechanisms are available and new ones are being developed
by at least three manufacturers under contract to UMTA (Urban
Mass Transportation Administration) In its transit bus
program.

1
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Figure 14.-- A boarding door control of such design can be

opened inadvertently.

A-trade-off study of service door operation could be combined
with emergency door studies to determine the optimum door that

should be required. A demonstration of the various door

_concepts would_ be a valuable tool in determining the
parameters to be.traded. (U.S. Department of Transportation,
National Highway Traffic Safety Administration 1973.)

In the 1984 frontal crash tests conducted for Transport Canada: the right-
front door of the small school bus (Type 8) "opened early during the collision
event and remAined open after the vehicle had come to a standstill (Transport

Canada 1985)."49

39 A school van (a Type A venicie) lestW for Transport Canada d$0 rot eAhibit this problem. The hording

door WM ocerablo after the Creoh,
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Not only can an open door be dangerous during a crash, it can jeopardize

evacuation. For example, if a door opens even partially during the crash, it

creates not only an avenue for ejection, similar to a dislodged windshield, but
it can easily be crushed or jammed, thus eliminating the door's use as an

emergency exit after the accident. In seven cases involving Type A school buses,
the right boarding door could not be used as an emergency exit because if was
jammed, in some manner.40 The school bus usually had experienced a frontal

impact followed by rollover.

Some of the Safety Board's cases also contained examples of a related

safety concern: the stairwell area, immediately in front of the boarding door,
was deformed following the accident. The crash performance.of the boarding door
and related structures may need to be re-examined as a unit.

Because of these documented safety problems associated with the -boarding
door control, the Safety Board believes that the NHTSA, the--School Bus--

Manufacturers Institute, and manufacturers of van-conversion school tuses should

work together to develop performance standards for the opening control mechanism
on school vehicles with a GVWR less than 10,000 pounds that will eliminate the
possibility of inadvertent door opening during _a frontal or rollover _crash. A
positive_latch would eliminate this problem.

School buses currently are exempt from FMVSS 206, "Door Locks and Door
Retention Components," which sets performance requirements for side doors in
passenger cars, multipurpose passenger vehicles, and trucks.

Joint Separations

Deficiencies in school bus Joint strength were among the safety
shortcomings Congress directed the DOT to correct in the 197.0s.__In 1977, DOT
enacted FMVSS 221, "School Bus Body Joint Strength," to establish the minimum
strength of body panel Joints. However, small school buses with a GVWR of 10,000
pounds or less were exempt from this standard. As a result of this exclusion,
Type A school buses do not have to meet Federal standards for joint strength,
which were instituted to "reduce deaths and injuries resulting from the
structural collapse of school bus bodies during crashes."

The Safety Board is concerned about this excfusion for three primary
reasons. First, in most crash scenarios, the body Joints of a small school bus
will be tested far more than those of a large cchool bus. Size and mass of a
motor vehicle are extremely important consitrations in crash severity. For
example, in a collision between a school bus weighing 20,000 pounds and passenger
car weighing 4,000 pounds.41 the crash forces acting on the school bus and its
occupants will be far less than if the school bus weighs 6,000 pounds.
Similarly, if a small school bus collides with a heavy truck, the crash will
stress the small school bus far more a large school bus.

-40 Cases s, a, 11, is-, is, 17, and 19 in acicArndis B; also see case 23, which involved a Type 0- school -bus-.

In case 14, the rear emergency door orened during the crash and was torn Iron its hinges. This woG the only
stuly case involving inolvertent rear door opening. In case 6, both the left and right front doors jammed.

41 Because passenger cars are the Meat cowman type of motor vehicle on the rood, this kind of occident

would be the typical aulai.ehicle crash involving a school bus.
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Second, the degree of compartmentalization required in a Type A school bus
by Federal standards is far less than that required in a larger= bus. Passengers
of a small school bus, especially one without restraining barriers, will be able
to move about the-bus mere freely in a, crash. Third, not all school bus
occupants wear the available seatbelts, or wear them snugly. Joint separation or
an opening caused by roof deformation is consequently a concern even in school
buses equipped witJ- lapbelts. Federal tests for roof rollover strength are less
stringent f-- a szhool bus with a GVWR of_10,000 pounds or less (fig. 15). In
addition, such school buses are exempt from Federal requirements for school bus
joint strength.

Joint separations were documented in six gcidents involving Type A school
vehicles (cases 10, II, 13, 14, and 16);4 five of the six were van
conversions (fig. 16).4J In two of the cases (cases 13 and 14), the joint
separations probably still-would have occurred if-the vehicles had been required
to meet the joint strength standards for large school buses. On-eof -the
accidents involved an 8100 rollover-and multiple impacts, events-that are
outsidl the parameters of Federal test requir-ements. The other case involved
separation of a maintenance access panel, and such panels are exempt_ from
compliance with FMVSS 221."

Safety Board investigators found joint separations in ore of the five cases
investigated involving a Type B school vehicle. Type B school buses, although
considered small (Type II) school vehicles, are required to be built to Federal
standards for large school buses. In case 24, the small school bus sustained a
rear-end impact fo;lowed by 900 rollover. One of the six panel seams in the
ceiling toward the back of the bus separated in two places; the_separations were
6 inches long and 1/4 inch wide.

Passenger injuries- were attributed to joint separations--in--only one
accident (case 16), In the other accidents, the separations clearly had -the
potential to cause injury, but occupant kinematics were such that the occupants'
bodies did not contact the sharp metal edges that were exposed when the joints
separated (fig. 16; cases 10, 11, 13, 14, 16, and 24). Separated joints have
injury potential to-restrained and unrestrained occupants alike, and because the
integrity of the structure is thereby compromised, they increase the chance of
ejection for unrestrained passengers and-for passengers with loosely fitted
belts.

42 Joint separation may have also occurred in coao 17.

43
Soperetions of restrining barrier ttachment points are discussed in the section "Restraining

Barriers."

44
Even for large school buses, meintenance access panels are specifically excluded from current Federal

standards for joint strength. As a result of a fatal accident involving a largo school bus fin St. Louis,
Missouri, in 1965, the Safety Board recommended that the Willa incl,ma maintenance access panels in the
joint strength standard (National Tronsportation Safety Board 19670). Rulemsking to amend FMVIIS 221 is
under consideration.
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FMVSS 220

FORCE -APPL I CAT I ON PLATE S I ZE

SHALL SCHOOL BUSES
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figure 15.--A larger force application plate is used to test
roof strength in small school buses compared to that used in
tests of larger school buses. The result is that the roof of a

small school bus must pass a less stressful test of roof
rollover performance. .(Source: School Bus Manufutlirers

Institute 1989.)
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FfrIVSS 220

FORCE APPL I CAT ION PLATE S 1 ZE

LARGE SCHOOL BUSES

^

a 15 (continued).
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SEPARATION

figure 16.--Sharp metal edges were exposed in the roof of the
Tye, A school van, posing a safety hazard (case 10). Interior

roof of the vehicle looking toward the rear: arrows indicate
separation of sheet metal panels where 13 rivets broke loose.

In case 16, the only accident in which joint separation caused injury,. the
Type A school- bus impacted an unsecured concrete barrier. The sheet metal from
the B-pillar to the left rear axle was peeled back and extended well outside of
the original width of the bus (fig. 17). The left side structural supports for
the roof were torn away, allowing the roof on the left side to collapse down to

near the tops of the seatbacks. The body of the bus was torn loose from the
chassis along the right side and across the rear. The left sidewall next to

rows 1-3 was torn away or crushed. The anchor of the left side restraining
barrier was dislodged, and the barrier was displaced rearward into contact with

the front row seat. Had the passengers been in a large school bus, they would_

have been ieated higher off the ground and the concrete barrier would have
contacted the bus below their seating positions.

Lapbelt use could not preve;it the passengers' injuries, and may have

contributed to the severity of some injuries, as lapbelted passengers pivoted
forward around their belts, striking the seatbacks before them with their heads.

g
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Figure 17.--Joint separation occurred on the left side of the
small school bus in case 16.

--The Safety Board investigator, however, determined that at least two of the..:a
four passengers were prevented by their lapbelts from being ejected. They ktad

been sitting by the outside of the bus and had clear, open spaces to their left. ,
The.other two were not ejected because the side panels cf the school bus body,
were deformed around them, blocking their access to the outside. Wbether their
injuries would have been more severe had they been ejected is not known.

Because of the_ increased stress subjected to body joints (including roof)
of a small school bus compared to a large school bus in most crash scenarios
(that is, the small bus lacks the advantage of larger size and mass) and the risk
of injury joint ,Aparation poses for passengers, the Safety Board believes that
the NHTSA during its ongoing review of school bus FMVSS, should review FMVSS 224.
"School Bus Rollover Piotection," to determine if roof performance tests of small

school buses should be identical to the tests required of large school buses.
Similarly, NHTSA should consider extending FMVSS 221, "School Bus Body Joint
Strength," to small school buses.

1
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EVACUATION

School bus evacuation has emerged as a topic of increased:concern following
the May 14, 1988, fatal crash-of a church bus near Carrollton, Kentucky (National
Transportation Safety Board 1989). Twenty-six passengers, all but two of whom
wr.re school-aged children, died in the fire that broke out following the crash;
the passengers could not exit the bus in time. The vehicle was a 66-passenger,-
large, Type C, retired school bus, owned and operated by a church.

Since that crash, the Safety Board has investigated two additional cases
involving school bus fires. The first case, occurring in March 1989, invOlved a
Type A school bus. (NTSB field case All-89-FH001). A fire started in the engine
compartment of a schebl van oUtside Memphis, Tennessee, that was transporting
wheelchair-bound student:. Because of the van's configuration, the engine was
partially within thq passenger compartment, near the driver's. seat. The fire was
not contained Within the'engine, spreal to the vam's interior, and 'Was fed by
_the. material used for seat constructiw.. Jhe forward_portion of the bus *Was
engulfed in flames. Evacuating the studrAts was difficult: theselectrital system
controlling the wheelchair lift was aimaged by the fire. Only with the help of
passersby were the students evacuated before.the fire_consumed the interior of
the _valf. The other.case, also 6cCurring in March 1989, involved a large
poststandard school- bus near Kansas City, Missouri, damaged-when it.-struck a
stopped tractor-trailer (NTSB field case OCA-89-SH-001). The impact pushed the
fuel tank rearward and the fuel lines of the school bus fuel tank pulled loose; a
fire started. The interior of the school bus was consumed. Fortunately, no
stldents were aboard; however, the driver was Pinned in and sustained burn
injuries over 10 percent of her body and suffered-imoke inhalation..

Fire was also involved in an earlier investigatioh conducted by the Safety
board involving, a_ small school_bus 1981, outside lieTmanville,
(National Transportation Safety Board 1982). A school- van transporting Head
Start students ran off a bridge and rolled Over. The, side door could not be
opened, and not all of the occupants could be evacuated in -time; 5 of the 32
occupants (the van was overloaded) perished in the fire. As a result of the
accident, the Safety Board issued the following safety recommendation to the
NHTSA:

H-82-33

Examine the crash performance of vans in rollovers and all
accident types, through its, crash testihg and accident
investigation programs, to determine if there is any tendency
for doors and other escape areas to unnecessarily jam or be
blocked in low-speed 'crashes. If necessary, establish
additidnal crash performance standards for van escape areas,
especially those used for public transportation.

The NHTSA reiponded that it could not identify.any, specific instances of,
exits jamming because of crash damage; the Safety Board closed, the
recommendation (Closed--Acceptable Action). In its 1979 study of the performance :
of multipurpose vans, the Safety Board had previously asked NHISA to "study the
extent to which doors jam in collisions and to determine if corrective action is
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needed to prevent ejection and enhance escape (National Transportation Safety
Board 1979). In this study on small school buses, the Safety Board has
documented instances of exit doors bPing jammed from craqo damage and doors

opening inadvertently. Emergency_exit availability remains a concern._

Proposals to amend Federal school bus standards for emergency exits, fuel

tank integrity, and interior flammability have focused on large school buses
since the fatal crash in Carr011ton, Kentucky, which promptem media attention and
re-examination of .these issues by DOT. Large school bus,rs (Types C and 0)

comprise the majority of school vehicles in the pliblic school bus fleet.

Nonetheless, small school buses, by virtue of their design and use, deserve
special attention. Emergency evacuation issues connected with a small school

bus should be examined-separately from large.school buses for the following
reasons:

_1. Fuel tanks on some small school buses are exempt from Federal fuel
system integrity standards fok-Sthool buseS.; tank guards are usually
not present; and the.fuel tanks are located on a- different portion'of'
the Chassis than on a large school bus. Fuel tanks found on/Type A
and Type B school buses are almost never located on the right side of
the school -bus, near the boarding door, as is the case with, most

-large school buses. Instead, the fuel-tank of a small school bui is
located between the chassis rails, a safer location.- The .tanks do
not have protective tank guards or 'cages" as are found on large
school buses. In addition, the fuel tanks of-Type A school busei
must meet the same perfirmaoce tests. required- of-a-passenger car,
multipurpose passenger vehicle, or truck van, not the performance
tests specified for a school bus. .

2. Small school buses may have- a smaller ratio of passengers to

emergency-exits. than-do-large-school buses, but-the vehicle itself it__
not required to meet the_ same structural integrity requirements as a
large school bus. Hence, the exits on a small school bus may be more
likely to be jammed after the crash, Ilue to body deformation, than
those on larger school buses. Although the crash pulse experienced
by a school bus in a multivehicle collision will always be greater
for a small school bus than for a-large school bus in a _similar
crash, the body of a Type Alchool bus is not required-to.be built_tn
Federal school bus standards for joint, strength,: and the roof_must
withstand a less stringent test for rollover strength. In addition,
side emergency exits are not required lo have the same clearance as
found on large school buses, and the boarding door may be more likely
to open in a crash. The Federal Government alsb specifies a smaller
minimum access area for the rear emergency door in a Type A school
bus compared to larger school buses: only a 6- by 22-in0
unobstructed clearance compared to 12 by 22 inches in a larger school.
bus.

3. Small school but.es are often used for special transportation
purposes, which include transport of preschoolers and of the
physically and mentally handicapped. In these cases, more time for
evacuation may be needed than the number of passengers may suggest.

72



63

Evacuation training becomes more difficult, especially if wheelchair-
restrained or mentally disabled students are involved. (The Safety
Board investigated a survivable accident occurring in March 1988 in
which a wheelchair-bound student died when her bus overturned [NTS8
field case FTW-88-HFRO5]).

4. Small school buses customarily are equipped with at least a lapbelt
at every passenger seating position; large school buses are not. If
passengers are wearing lapbelts at the time of the crash, the belt
must be released before evacuation can proceed. Depending on the
crash configuration and the age and ability of the passengers, school
officials have worried this could slow evacuation.

With these factors in mind, the Safety Board closely examined evacuation in
its study cases. little, if any, postcrash data on school bus accidents are
routinely available; for example, through what_door(s) the _students evacuated,
how many were injured during the evacuation itself, and what exits were
inaccessible or jammed. Evacuation data are not available from State or national
school bus accident data banks, and accident reports filed by local school
districts rarely include such information. This report supplies such data.

Fire 'and Fuel TankLeaks

Fires in school buses, regardless of the vehicle's size,_ appear to be
relatively infrequent events. When they do occur, fires are most likely not to
be connected with a crash, but rather associated with fire in the engine
compartment resulting from poor maintenance or from vandalism by students on the
bus. Available data suggest that when -a fire does occur in connection-with a
schiol bus accident, the fire more often results from a fuel leak from the other
vehicle involved than from the school bus itself. An analysis of 10 years (1977-
1987) df data on fatal-accidents found that-no-fatalities of occupants of school
bus-type vehicles were attributed to fire or smoke inhalation. The accident in
Carrollton, Kentucky, changed that record.

In the Safety Board's cases investigated for this study, fuel tanks of
small school buses did not leak following the crash, and there were no postcrash
fires.

Emergency Exits

Small school buses frequently have more exits than large school buses have,
although they generally transport fewer passengers. Some small school buses may
have a door on the left side by the driver or a side exit, sometimes with double
doors or equipped with a wheelchair lift. The additional exits are fortunate:
in about half of the study cases, occupants reported that one of the school bus
exits could not be opened. The right boarding door was the exit most often
reported as being jammed or unusable (7 out of 24 cases); the rear emergency door
and the driver's door on the left side were rarely cited (2 and 3 cases,
respectively). These findings may reflect the crash configurations represented
by the study cases--mainly frontal, involving rollover--as well as deficiencies
in boarding door design. roof, and joint strength.

The rear emergency door was the most commonly used exit (more than three-
fourths of the cases). The boarding door on the right side was rarely used.
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Special Students

Four cases in the study involved school buses transporting Head Start or

physically handicapped students. Seven other cases involved school buses

transporting passengers classified as emotionally disturbed or learning disabled.

These types of children could have more problems in evacuation because of their

age and disabilities.

Few evacuation problems were encountered, however. The one notable

exception involved transport of deaf students in case 13. The driver--who had

received minor injuries only--was removed from the accident scene first; but

because he was the only adult who knew-sign language, emergency personnel were

unable to communicate with the children aboard the bus. Safety Board

investigators found that the bus carried no identification to alert rescuers that

deaf children were aboard. Fortunately, no passenger received more than minor

injuries, so no one suffered because of delays in treatment.-

Successful evacuation in most cases was not a result of frequent evacuation

practice--indeed, some pupils told the Safety Board investigators they had never

practiced evacuation (cases 8 and 23)--but rather_ resulted from the presence_of

aides on the bus- and -the swift assistance rendered by adult passersby and

emergency rescue personnel. In two cases (cases 1 and 21), the school bus

drivers had instructed passengers to remain in their seats until rescue personnel

arrived.

lapbelt Release

Some school authorities have expressed concern about whether lapbelt use by

schovl bus passengers would hinder evacuation, specifically, if lapbelted school

bus passengers-would be
able-to-release themselvesfrom their belts.---Not all

school buses have adult aides on board, and the driver is often the only adult.

Rollover crashes have been of particular interest, because students on the "high

side of the bus would be suspended by their belts or might be afraid (or even

unable) to release their belts and fall to the lower side.

In the Safety Board's study cases, most passengers did not relea$e

themselves from their lapbelts. Adults, either bus occupants or_ rescuers, .

released the belts for the children (cases 1, 9, 13, 16, and 19). This may

reflect the type of passengers often carried by small school buses--the

handi.-.6i,eed or the very young.

In four cases (case$ 12, 19, 22, and 23), students were held suspended by

their telts after a rollover crash and required assistance releasing their

belts.4 In two cases, students were injured when they released their belts

and fell to the lower side of the bus, striking seatbacks; only minor injuries-

resulted.

45;The school bus driver in UM, 23 w86 0160 suspended by belt.

BEST COPY AVA!LABLE
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lapbelt use substantially delayed passenger evacuation in only one accident
inyestigated,-a -nonrollover.accident." A student was unable to release his_
lapbelt because hot asphalt, from the dump truck that collided with the school
van, had spilled-onto his seat, burying the seatbelt latchplate. The lapbelt was
subseciuently cut by the truck-driver and the student was freed.

. .

46 cosi rs, oppendli O.
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CONCLUSIONS

1. Because of the differences (size, mass, exterior and interior features)

between a small school bus and large school bus, findings based on

investigations of accidents involving large _school buses cannot be

extrapolated to smaller school vehicles.

2. The small school buses involved in the 24 accidents investigated for the

Safety Board's study generally provided good crash protection to both

restrained and unrestrained passengers..

3. If student passengers were
injured, injuries usuallY were Minoi, regardless

of their restraint status. The head and face were the body parts most

commonly injured'among both lapbelted and-unrestrained passengers.s___

4. Seating '-position was a more iMportant factor than restraint status -in

-determining injury severity.

5. _ Accidents- _in this study offered examples of both theadvantages- and

disadvantages of lapbelt use.

6. Restraint status, injury severity, and seating lOcation of occupants often

were not accurate in official police reports of the school bus accident.

Evaluation of lapbelt performance based on these sources may be misleading.

7. Restraint use was high among school bus occupants in the study, probably

reflecting that States or local school districts have policies requiring

that occupants of small school vehicles wear .the available seatbelts, the

limited number and-youth of the passengers, and preseriee-ofadult aides on

some buses. Nearly three-fourths of the school bus drivers and two-thirds

of the passengers were restrained.

8. Restraint use was low among adult aides on board the school bus. Only one

of seven adult aides, who were charged with ensuring passenger belt use,

was wearing a seatbelt at the time of the crash.

9. The school bus drivers and passengers sometimes did not wear their

seatbelts properly. The most common mistake was failure to adjust the

manual lapbelt to fit snugly. Almost one-third of'the lapbelted passengers

were wearing their belts improperly.

10. !n passenger lapbelts and other restraints- had been installed

.'ter Initial purchase of the vehicle by employees of the

scnuo." or bus contractor in a manner inconsistent with Federal

standards for seatbelts, diminishing crash protection and increasing the

potential to induce injury.
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11. Passengers seated.in tne front rows of Type A school buses are at special
risk of injury in a frontal crash. Type A school buses ire not required
to have a restraining barrier forward of the front seats, and if they do,
these barriers do not have to meet the same standards as those found in
other types of school buses. The Safety Board has documented the danger of
being unrestrained in a school bus without a frontal barrier as well as the
danger of being lapbelted and interacting with a barrier in a frontal
crash.

12. Restraining barrier supports and anchors in Type A school buses sometimes
came loose during the crash. Sharp metal edges were sometimes exposed, and
the separations allowed the barrier to move rearward -into passenger seating
space.

13. Data from Canadian crash tests suggest that-merely requiring that_Type A
school buses have frontal restraining barriers identical to those mandated
in larger schoolbuses (Typcs 13, C, and 0) will not provide a solution for
head protection. Lapbelted anthromorphic dummies seated in the front seats
of Type A school buses equipped with large school bus barriers registered
unacceptable head injury scores, more than twice the allowable limit.

14. The Federal Government currently has no injury criteria for abdominal,
spinal, or thorax injuries. Researchers do not know how much force and at
what duration will result in fatal or serious injuries to these regions of
the body of lapbelted and unrestrained occupants. , Hence, performance
standards for restraining barriers and seatbelts regarding abdominal,
spinal, or thorax injuries do not exist.

15. In multivehicle crashes and other crash scenarios, small school buses lack
the built-in crash advantage of superior size-and weight providedby large
school buses. Current Federal standards allow-Type A school buses to-be
built with roofs less able to withstand rollover forces than larger school
buses. Body joints in Type A school buses are exempt from Federal joint
strength standards.

16. Joint separations were documented in 6, possibly 7, of the 19 cases
involving Type A school vehicles; 5 of the 6 were van conversions. Joint
separations were documented in 1 of the 5 cases investigated involving Type_
B school buses.

17 In some accidents, the right side boarding doors opened inadvertently
during the crash, and front windshields were displaced. Retention within
the vehicle is advantageous to survival, so any opening in the school bus
body poses danger to an unrestrained or improperly restrained occupant.

18. School bus windshields are exempt from FMVSS 217, "Bus Window Retention and
Release."

19'. The boardfng door controls of some small school -buses have -no- posftive
latch locking mechanism.
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20. In 7 out of 24 cases, the passenger boarding door was unavailable for use
as an emergency exit because of damage sustained during the accident due to
poor design of door control, structural weakness near the door area, or
deformation of the roof above the door.

21. For a variety of reasons, student passengers rarely released themselves
from their lapbelt; after the crash. Adults at the scene usually released
the student passengers.

22. Lapbelt use usually did not hinder evacuation efforts, even in rollover
crashes when the school bus came to rest on its side.

_

23. In the Safety Board's cases, the fuel tanks of the small school buses (both
Type A and B) did not leak after the crash, and there were no postcrash
fires.

24. The definitions of "small" Versus "large" school bus used.in the Federal
Motor Vehicle Safety Standards, in Federal program.-guidelines, by
Congress, by State and local school transportation officials, and by the-

_school buS industry,-are not_uniforM.
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RECOMMENDATIONS

As a result of this study, the _National Transportation Safety_ Board

recommends:

--to the National Highway Traffic Safety Administration:

Determine the feasibility of requiring lap/shoulder belts or
other restraint systems that provide upper teirso restraint at
front seat passenger seating positions on Type A school buses
(gross vehicle weight rating of 10,000 pounds or less). Amend
Federal Motor Vehicle Safety Standard (FMVSS) 222, "School Bus
Passenger 'Seating and Crash Protection," -and FMVSS 210,-"Seat
Belt Assembly Anchorages," or any other standards, as needed,
should standards prove incompatible. (Class IL_ ,Priority
Action) (H-89-46)

Conduct research, including computer simulation and sled crash
tests using Hybrid III dummies if needed, to determine the
relationship between restraining barrier design and_injuries
to unrestrained and lapbelted passengers of different sizes on
small school buses (gross vehicle weight rating of 10,000
pounds or less). Research should focus on the height, width,
padding, location, and anchorage strength of the barrier, and
the spacing between the barrier and front seats. Amend Federal
Motor Vehicle Safety Standard 222, "School Bus Passenger
Seating and Crash Protection," as needed. (Class II, Priority
Action) (H-89-47)

.Amend Federal Motor Vehicle Safety-Standard 217, "Bus Window
-Retention and Release," to include a performance standard for
the minimum retention of windshields in all sizes of school
bu.is. (Class II, Priority Action) (H-89-48)

Cullect and Pvaluate accident data on the crasn performance of
the rnof anJ emergency exits on small school buses (gross
vehicle weight rating of 1),000 pounds or less) in ruilovers.
Data should not be limited to van-based buses. Based on
analysis, ascertain whether it is appropriate to amend Federal
Motor Vehicle Safety Standard 220, "School BUS Rellover
-Protection," to make roof performance tests for small school
buses (gross vehicle weight of 10,000 pounds .or less) to be
identical in all aspects to those now required of large school
buses (gross vehicle weight rating of more than 10,000
pounds). If such tests are not appropriate, modify the test
for small school buses to stress the roof more than tne
present force application plate test does. (Class II,

Priority Action) (11-89-49)
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Collect and evaluate accident- data involving small school
buses to ascertain whether school buses with a gross vehicle
weight rating of 10,000 pounds or less should be required to
meet joint strength requirements of Federal Motor Vehicle
Safety Standard 221, "School Bus Body Joint Strength." (Class
II, Priority Action) (14-89-50)

Specify in new rulemaking or in an amendment to Federal Motor
Vehicle Safety Standard 206, "Door Locks and Door Retention
Components," a requirement for a positive latch locking
mechanism on the passenger loading doors of small school buses
(gross vehicle weight rating of 10,000 pounds or less) to
eliminate the possibility of inadvertent door opening during a
frontal crash or rollover, Work with sch.00l bus and school
van manufacturers to develop the performance standards.
(ClassII, Priority Action) (H-89-51)

Urge manufacturers to provide means to retrofit positive latch
locking mechanisms on existing door controls of small school
buses (gross vehicle-weight rating of 10,000 pounds or less).
(Class II, Priority Action) (14-89-52)

--to members of the School Bus Manufacturers Institute and manufacturers of
van conversion school buses:

Work with National Highway Traffic Safety Administration to
develop performance standards for a locking mechanism for the
boarding doors of school buses with a gross vehicle weight
rating of 10,000 pounds or less- to eliminate the possibility
of inadvertent door opening during frontal or rollover crash.
(Class II, Priority Action) (H-89-53)

Provide retrofit kits for small school buses (gross vehicle
weight rating of 10,000 .pounds or less) currently without
positive latch door control locking mechanisms. (Class II,
Priority Action) (H-89-54)

--to the National Association of State Directors of Pupil Transportation,
the National Association of Pupil Transportation, and the National
School Transportation Association:

Alert your members to the dangers inherent in improper
installation of seatbelts and/or installation of restraint
systImb not meeting Federal standards or guidelines in school
buses and urge them to correcc ruch ;nstallations. Also alert
your members of tne need to instruct students to wear lapbelts
properly. (Class II, Priority Action) (11-89-55)
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APPENDIX A

INDEX TO SAFETY BOARD STUDY CASES INVOLVING SCHOOL VEHICLES
BUILT TO FEDERAL SCHOOL BUS STANDARDS

This appendix lists the 24 case summaries in appendix-8 by type of school
vehicle. The types are classified by the school bus industry system that takes
into account the gross vehicle weight rating (GVWR) and configuration of the
vehiCle. The classifications and definitions were adopted at the National
Minimum Standards Conference of 1980. Both Type A and Type 8 school buses were
formerly referred to as Type II school buses.

Type A school buses ire grouped by van conversions'ind small school buses.
Within each group, nonrollover accidents are listed first, then rollover
accidents, in order of increasing severity.. The list also-identifies the
accident location and date, chassis manufacturer of the sehool vehicli, make and
.model of the body; and the type of accident in terms of the school vehicle;

Tvoe A School Vehicles (19 cases)

A Type A school-vehitle is a van conversion or body constructed on a van-_

type compact truck or front-section vehicle with a GVWR of 10,000 pounds or; less,
designed for carrying more 10 persons.

Van conversions (Type A)

Number of cases: 14 -

Type of accident: Nonrollover 7 (all frontal impact)
Rolicver 7 (3 noncollision)

_

alt_nmmtar Pat4

1

2

Bedford, New York
September 23, 1986

1983 Dodge chassis with I6-passenger body by Ram Van
Left front impact --

Laurel Hollow, New York'
February 5, 1987
1980 Chevrolet chassis with 16-passenger body by
Van Con, Inc.
Left front impact

New Castle, New York
February 2, 1987
1983 GMC chassis with 16-passenger Sturdivan body by
T.P.I.

Left front impact
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5

6

7

9

10

11

12
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Carson, California
May 18, 1987
1981 Dodge chassis with 16-passenger body by
Collins Bus Corporation
Multiple frontal impacts

Lake Zurich, Illinois
October 10, 1985
1984 Chevrolet chassis with 16-passenger Fortivan body by
Coach and Equipment Manufacturing Corporation

Head-on collision

Pomona,-California
June 11, 1987
1987 Dodge chassis with 16-passenger Bantam body by
Collins Bus Corporation
Frontal impact

Allegan, Michigan
December 5, 1984 _

1978 Chevrolet chassis with 16-passenger hdy by
Shaller-Globe CGrporation
Head-on collision

Fort Dodge, Iowa
March 15, 1984
1980 Chevrolet chassis with 16-passenger body by
Superior Coach International -

Noncollision rollover (900)

Las Angeles, California
April 8, 1987
1976 Ford school van configured for 16 passengers
Noncollision rollover (900)

New York, New York
April- 19, 1985

1978 Dodge chassis with 16-passenger Fortivan body by
Coach and Equipment Manufacturing Corporation
Noncollision rollover (1700)

Denville, New Jersey
March 9, 1987
1986 Chevrolet chassis with 16-passenger body by
Van Con, Inc.

Multiple frontal impacts, followed by rollover (900)

Gresham, Oregon
January 14, 1987
1979 Dodge chassis with 14-passenger Sturdivan-body by
T.P.I.

Frontal impact, followed by rollover (900)
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Houston, Texas
February 25, 1986
1980 Dodge chassis with 16-passenger body by
Collins Bus Corporation
Frontal impact, followed by rollover (3600)

Westchester, New York
March 25, 3987
1982 Ford chassis with 16-passenger Sturdivan body by
T.P.I.
Rollover (8100), followed by multiple impacts

Small School Buses (Type A)

Number of cases: 5
Type of accident: Nonrollover 3

Rollover 2

Case- number-- Dan

15 Perrysburg, Ohio
April 6, 1987
1981 Chevrolet chassis with 23-passenger Busette Body by
Wayne Corporation
Left front-collision, followed by secondary impact --

16 Elmhurst, Illinois
February 7, 1986
1982 Chevrolet chassis with 23-passenger Vanguard body by
American Transportation Corporation -

Left side impact, followed by secondary impact

17 ^ Chester County, Pennsylvania
February 26, 1988
1983 Ford chassis with 22-passenger Busette-body by
Wayne Corporation

Head-on collision, followed by secondary side impact

18 Vista, California
December 3, 1986
1985 Chevrolet chassis with 20-passenger.Micro-Bird body
by Blue Bird Body Company
Left side impact, followed by rollover (900)

San Antonio, Texas
February 5, 1985
1981 Chevrolet chassis with 20-passenger Busettebody by_
Wayne Corporation
Left side impact, followed by rollover (900)

19
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Type B School Vehicles (5 cases)
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A Type B school bus is a van conversion or body constructed and installed
on a van or front section vehicle chassis or stripped chassis, with a GVWR cf
more than 10,000 pounds, designed for carrng more than 10 persons. Part of the
engine is beneath and/or behind the windshield and beside the driver's seat. The
entrance door is behind the front wheels. Note: Type B vehicles must meet the
Federal standards for large school buses although they also are considered small
(Type II) school buses. The gross vehicle weight of_these vehIcles may be under
10,000 pounds but their GVWR is over 10;000 pounds. The rating includes
passenger load.

Number of cases: 5
--Type of accident: Nonrollover

Rollover

Case number Data

20

21

22

23

24

2 (all multiple collision)
3 (all collision rollovers)

Clarkston, Georgia
May 8, 1987

1982 Chevrolet chassis with 18-passenger Cadet body by
Carpenter-Body Works, Inc.
Head-on collision, followed by rear-end colliiion

Williston, Vermont
Novemter 21, 1987
1979 Chevrolet chassis with- 18-passenger Min-i--Birdbody by
Blue Bird Body Company

Multiple collision: sideswipe, followed by head-on impact

Greensboro, North Carolina
January 14, 1986
1980 Chevrolet thassis with 20-passenger Mighty Mite body
by Thomas Built Buses_ (bus reconfigured to 10-passenger
capacity)

Right side'impact, followed by rollover (900)-

Little Rock, Arkansas
May 2, 1983

1981 Chevrolet chassis with 15-passenger Cadet Body by
Carpenter Body Works
Head-on collision, followed by rollover (900)

Flower Hill, New York
January 24, 1986
1979 GMC chassis with 14-passenger Coachette body
Rear-end collision, followed by rollover (900)
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APPENDIX B

CASE SUMMARIES OF SCHOOL BUSES
BUILT TO FEDERAL SCHOOL BUS STANDARDS

Case No. 1 Safety Board Investigation No. NYC-87-H-S802

Location of Accident Pea Pond Road; outside Bedford, New York

Date and Time September 23, 1986; 8:04 a.m.
-

Description oF School Vehicle Type A van conversion: 1983-06dge'thassis with
16-passenger body by Ram Van

Type ofAccident

Severity of Accident

Left front impact

Delta V estimated to be less than 10 mph

Summary of Evints-

A school van was transporting two students to school on a two-way, asphalt
county road on a rainy day.. All occupants of the van were restrained. As the
school van negotiated a left curve, a 1984 Buick LeSabre station wagon, traveling.
in the opposite direction, crossed the centerline and.struck the left front of
the school van head-on.

After the crash, the school van driver and two students remained in their seats
until emergency personnel arrived,- The driver and one i.Assenger eXited -the-bus

unassisted. The remaining passenger was removed from .the van by emergency

response personnel. The passengers were treated for injuries and released by the

hospital.

Damage to the poststandard school van-was minor; damage was confined to the

exterior of the bus, except for a radial fracture of the left front passenger
window. Slight rearward deformation was found at the left front front bumper,

and grill.

Outcome of Occupants of School Vehicle

Of the 2 passengers, ages_7 ard 10:
2 sustained MA1S 1 (minor) injuries.

Both passengers were wearing static lapbelts anchored to the seatframes. Each

restraint system was equipped with adjustable, cinching latchplates and-

Pushbutton release buckles

The lapbelted passenger spated en the left side in the front seat next to the
window received a contusion on the bridge of his nose, from contact with the left

lide window. At impact, he most likely pivoted around the belt, moved forward
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and then to the side, .striking _the window. He also complained of pain in his

abdomen, probably from the lap belt, and in his rfght leg. Had this passenger

been unrestrained, he probably still would.have sustained minor injuries,pnly.

The lapbelted passenger sitting on the right side in the front seat_next to the

window received a contusion on his lower abdomen, caused by the lapbelt. Had

.he been unrestrained, he probably still would have received only minor injuries.

The use of lapbelts, like all forms of seatbelts, cannot assure that the occupant

will be uninjured.

?Mir

The driver of the school van was wearing the availabTe'lap/shoulder belt; -:t Was'

equipped with an emergency locking retractor, a cinching latchplate, a sidewall-

mounted D-ring, and a.pushbutton release buckle mounted to a flexible stalk.

Although the driver was not injured, she complained of pain to the 'right knee.

Had-she-mot been wearing the
three-point-belt, -she-probably would have been .

thrown forward and to the left and could have received at least minor injuries.

The school van driver is. seated in a more hostile environment than.are the

passengers.

Notes About the Accident

The interior of the school van had a padded roof.
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Case No. 2

Location of Accident

Date and Time

Description of School

Type of Accident

Severity of Accident

-82

Safety Board In-Irmstigation No. NYC-87-H-S804

Intersection of State Route 25A and Mooreshill

Road; Laurel Hollow, New York

February 5, 1987; 3:40 p.m.

Vehicle Type A van conversion: 1980 Chevrolet chassis
16-passenger body by Van Con, Inc.

Left front impact

Delta V 13 mph for school van

with

Summary of Events

A school van transporting six students home from school, was making a left turn

when it collided with a 1977 Chevrolet Malibu. After impact,- the van-rotated

counterclockwise and came to rest--upright. -Safety -Board investigators

determined that all of the students and the driver were unrestrained at the time

of the crash; two students and the driver claimed they were restrained, but

evidence proved otherwise.

A 13-year-old student made an unsuccesful attempt to open the rear emergency

exit. All passengers evacuated the bus through the right side door. The school-

van driver lay unconscious in the aisle; students had to step over her. The

driver was taken to the hospital; all of the students were released to their

patents- at-thescene and were later examined by private-physicians.

The left front bumper and sheet metal of the van were displaced rearward and

inboard from their normal position. The left front wheel and A-frame assembly

were displaced rearward into the inner fender well, causing them and the left

door to be deformed. The floor beneath Ahe driver's seat buckled but did not

present a hazard. The poststandard vehicle remained intact and provided good

crash protection to the passengers.

Outcome of Occupants of School Vehicle

Passengers

Of the 6 passengers, ages 7 to 13:
2 were uninjured, and
4 sustained MAIS 1 (minor) injuries.

No passenger was wearing the lapbelt available at the seating position. Although

the two students in the front row claimed they were wearing lapbelts and they

had "popped open," the Safety Board investigators found no evidence to support

the claims. When the lapbelts were examined, they worked properly and had no

lorce 1;:ading scars or defects. The adjustmept lengths, 42 inches for the 9-year-

old girl and 41 inches for the 8-year-old !boy, would be too loose to provide

proper fit for the two passengers.
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Four of the students received minor contusions and lacerations to their faces and
upper limbs. Had the passengers been lapbelted, these injuries would still
have occurred because each student could easily have reached the same contact
points. Lapbelts provide no upper torso restraint.

Driver

A lap/shoulder belt was available at the driver's position. The driver claimed
to have been wearing the restraint, but two passengers reported that the driver
was lying in the aisle of the passenger area following the crash, indicating she
had not been restrained. Her position reportedly blocked evacuation routes, and
the passengers had to step over her to exit the vehicle through the right side
passenger loading door. In addition, the driver received moderate (AIS 2)
injuries (a cerebral concussion and a large laceration to the right side of the
head), which are not consistent with lap/shoulder belt use in a frontal _crash.
Had the driver been wearing the lap/shoulder belt, injuries would probably-have
been less severe.

Notes About the Accident

The van conversion was equipped with heavily padded modesty panels forwa-d of
both the left and right front seats; no stanchions were present.

The student who attempted to open the rear emergency door did so.by trying to
push dcwn on the door release handle with her right hand. In her position, the
right side of her body would have been'in front of the instruction decal affixed
to the lower.-portion-of the left door, blocking it from her_view. The instructiom
decal affixed to the right -rear door was also hidden from her view by the right
seatback. She did not attempt to lift the door release handle, which would have

. opened the door.

The instruction decals had been affixud to the rear doors when the van
conversion was done by Van Con, Inc. Van Con wa-s notified of the circumstances
of this accident and agreed to place decals in the immediate vicinity of the door
handles on_future conversions. They also agreed to implement a retrofit program
for their school vans currently in use.
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Laurel Hollow, New York
Case Number 2
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Case No. 3

Location of Accident

Date and Time

APPENWX
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Safety Board 1nvestigatiOn No. NYC-87-H-S803

Whippoorwill Road; outside New Castle, New York

February 2, 1987; 7:46 a.m.

Description of School Vehicle Type A van conversion: 1983 GMC chassis with
16-passenger Sturdivan body by T.P.I.

Type of Accident Left front impact

Severity of Accident Estimated Delta V 5 mph

Summary of Events

A school van transporting five students to school-was traveling along a road with
patches of snow-and ice. The driver was wearing the available lap/shoulder belt;
only one of the student passengers was wearing the-available lapbelt. As the van
approached a cross street, an oncoming 1978 Ford sedan crossed the centerline and
collided with the left front of the van. The school van came to rest in its lane
near the shoulder, and the Ford was ang1Pd toward the van with its rear axle on
the centerline.

After the crash, the school van driver unbuckled his belt and the lapbelt worn by
one of the passengers. He led all passengers to the rear of the bus, opened the
emergency exit door, and then assisted each student out of the vehicle. Three
students were treated-for injuries and_released by the hospital. _

The left front of the van was crushed inward; the maximum deformation measured 10
inches at extreme left corner. The driver's door was buckled, the left front
tire was flat, the wheel was pushed rearward, aid the van body was scratched
along the left side- behind the driver's door. This poststandard school van
performed well in this collision: all of the damage was confined to the
exterior, and there was no intrusion into the passenger compartment.

Outcome of Occupants of School Vehicle

Passengers

Of the 5 Passengers, ages 7 to 13:
2 were uninjured,
3 sustained MA1S 1 (minor) injuries.

Two unrestrained passengers were seated en the left: one in the front seat next
to the window, and the other in the third seat from the front next to the window.
Both received minor injuries, probably from contacting the sidewall. Most
likely they still would have made contact had they been wearing the available
lapbelts because lapbelts provide no.uppe- torso restraint.
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The only restrained passenger was sitting on the left side in-the- second seat
from the front, next to the window. She sustained no injuries. The passenger
seated directly across the aisle from her was unrestrained_ and sustained no
injuries. Hence, evaluating the benefit of lapbelt use is difficult in this
collision.

Two unrestrained passengers were sitting on the right side of the van next to the
window. The one in the front seat received a laceration on the forehead, while
the one in the second seat from the front was uninjured. Had the passenger in
the front seat been wearing the available lapoelt, her injuries would most likely
have been the same because the lapbelts are not designed to prevent minor (MAIS
1) Injuries-. Seating position, more than restraint use, appears to be important-
in this collision.

priver
-

The driver of the van was restrained with a lap/shoulder belt and received a
bruised left forearm and a laceration on his left knee, both minor (AIS 1)
injuries. Had he not been wearing the restraint, he Would have been thrown
forward and to the left. Because the area surrounding-the- drfver's.seat is more--
hostile than that provided for the students, he.might have received more serious
injuries if unrestrained.

Notes About the Accident

The passengers' bench seats were equipped with manually adjustable lapbelts; some
belts had pushbutton release buckles, and others had lift relea;:e type buckles.
-This mix of buckle releases wassometimes .found installed on the same-bench
seat. The belts were anchored to i.he seatframes and wer: routed beiween the seat
cushions and the seatbacks.

The school van was equipped with a padded restraining barrier with lightly padded
stanchlons in front of bath fron't seats. The unrestrained passenger seatea in
the left front seat sustained a laceration to the lower gum' and a contusion.to
*the left eyebrow, both .from contact with the barrier. The _unrestrained
passenger in the right-front seat sustained.a small triangular laceration to her
forehead from contact with the barrier. Had these passengers been wearing
lapbelts at the time of the crash, the same injuries, as well as other facial or
head injuries, could have .been sustained. Head and face injuries are not
eliminated by lapbelt use. In a frontal crash, lapbelted passengers would
jackknife over their lapbelts, and contact the restraining barrier.
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Case No. 4 Safety Bo4rd Investigation No. LAX--87-1-1-:S811-

Location of Accident Normandie Avenue; Carson, California

Date and Time May 18, 1937: 7:59 a.m.

Description of School Vehicle Type A van-conversion: 1981 Dodge chassis with
16-passenger body by Collins Bus Corporation

Type of Accident Multiple frontal impacts

Severity of-Accident Delta V unknown

Summary of Events
_ .

A school van traveling about 45 Mph was transporting- seven_ special.,cducation

students-to school. The van was equipped with seatbelts for only some seats.

All students were unrestrained. The driver lost control of the vehicle, which

left-the road and mounted the sidewalk. As the van traveled alongth2 sidewalk,

'it impacted and sheared a I6-inch-diameter-wooden power pole with its right

front, then sheared a 5-inch-diameter light standard before striking and coming

to rest against a second wooden pewer pole,

No information was available on exits or evacuation. The damage to the van was

concentrated on the- right front, with a maximum deformation of 33 inches of

rearward crush. Most of the damage to the interior was in the area of the

stairwell. No interior panel separations were noted. No passenger seats were

within the- area of deform-NU-on: -Thts poststandard van performed_ well

considering the severity of the collision.

Outcome of Occupants of School Vehicle

Passengers

Of the 7 passengers, ages 8 to-22:

I was uninjured,
5 sustained MAIS 1 (minor) injuries, and

I sustained MA1S 2 (moderate) injuries.

All passengers were unrestrained. Lapbelts were not available at all seating

positions; only the two front benches had lapbelts installed, which had eithe1

been vandalized or stowed beneath the seat cushiln.

The passenger sitting on the lett side in the front seat neAt to the w!ndow

received only minor (AIS I) injuries: contusions and abrasions to rinht head,

right knee, and elbow.' These or similar- minor t-njuries might also have beeo

sustained had the passenger been wearing a lapbelt.

98



APPENDIX b

89

The -passenger sitting on the right side in the front seat next to the win.lot:

received a fractured leg (probably AIS 2) ind multiple contusions- and abrasions;

detailed descriptions of the injuries were unavailable. Because the impact was

from the front and concentratred on the right froht corner, the passenger was

probably thrown forward:
no-barrier (modesty panel) was present to limit forward

movement. Had the passenger been wearing a lapbelt, or had a frontal barrier

been present, he probably would not have fractured his leg.

. _

The passenger seated on the left side in the fourth seat next to the aisle his

uninjured. The remaining passengers (all seated adjacent to windows), received

minor_ injuries: lacerations, abrasions, and contusions. Had lapbelts been

available and been Worn, these passengers would probably'-still have sustaimmr

minor injuries: the lapbelts would not have prevented_ their contact with the

sidewills and windows.

Driver

The driver was not wearing the available lapbelt. He complained cf pain to the.

chest and right leg; the injuries could not be coded due to lack of medical

diagnosis. Deformation of the upper steering wheel rim W3S noted. The outcome

for the driver would unlikely have been much different had he been reetraited

because the lapbelt would not have restrained his upper torso.

Notes About the Accident
-

Only the driver's seat and the two front seats were equipped with any fora of

'seatbelt. Two of the four lapbelts on the two front seats.had been disabled by

students. Of the eight possible attachment points for che four lapbelts, =in

had been rendered unsafe by tampering. Students had removed the webbing

ititching that attached the latchplates.

The school van was not equipped with restraining barriers.
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Case No. 5

Location of Accident

Date and Time
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Safety Board Investigation No. CHI-86-H-ORC1

Midlothian Road; Lake Zurich, Illinois

October10, 1985; 8:29 a.m.

Description of School Vehicle Type A van conversion: 1984 Chevrolet chassis with
I6-passenger Fortivan body by Coach and Equipment
Manufacturing Corporation

Head-on collision, with principal, direction of
force at about the I o'Clock position--

Type of Accident

Severity of Accident Delta V unknown

Summary_of_Events

A school van, equipped with lapbelts for all passengers and a lap/shoulder beltfor the driver, was transporting eight elementary students to school. Thedriver and all but one passenger were restrained.. One of the .restrainedpassengers was misusing the lapbelt at his seat. The van was traveling about40 mph on an urban, two-lane, two-direction wet road when, to avoid a vehiclestopped in her travel lane, the school van driver veered to the right onto thegravel shoulder. Ilhen the driver attempted to steer back onto the road, shelost control of the. van_ on-the rain-slicked pavement, and Ihe van- entered theopposite lane into oncoming traffic. The school van, traveling at a Tachograph-recorded speed of 29 mph, struck the front of a Honda Civic CRX traveliny towardthe van. After impact, the school van traveled about 40 feet before coming torest upright.

The driver of-the van exited through the left side door. All eight pas-sengersexited the van through the rear emergency exit without assistance;

The school van received extensive damage to its exterior right front structure,'with rearward collapse reaching over 20 inches at the bumper level. The frame,axle, suspension, and sheetmetal moved rearward. The right side service door wasjammed shut by damage, and the floor at the entrance step was buckled. Nosignificant interior damage was noted within the passenger seating area of thevan. The poststandard school van Chassis and body performed well in -this-moderate speed collision, dissipating the crash forces without serious injuriesto its occupants.

Outcome of Occupants of School Vehicle

Passengers

Of the 8 passengers, ages 8 to 12:
2 were uninjured.
4 sustained MA1S 1 (minor) injuries, and
2 sustained MAIS 2 (moderate) injuries.
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The lapbelts were -equipped with pushbutton release buckles. One of the

restrained passengers, however, had created a huge lapbelt by combining the_
latchplate from one belt system with the buckle of another on the same seat.

Both passengers sitting on the left side in the front seat were Wearing

lapbelts; they received minor (A1S 1) contusions and abrasions. Had neither

been wearing his restraint, each probably would still have received at least

minor injuries. The principal direction of force came from the 1' o'clock

direction-. both of these passengers would have been .thrown Olt() the modesty

panel and stanchion crossbar in front of them. All components were padded, but

some minor injuries probably would still hive resulted. (Note: The passenger

seated next _to the window indicated to medical _personnel that his belt came

loose. The statement is not supported by the types of injuiries sustaircedi

Both passengers sitting on the right side -in the front seat were wearing

lapbelts: they received moderate (A1S 2), unspecified closed head injuries frr,

pivoting forward al. the hips and hitting- the'r heads on the stanchion crossbar

that provides--the upper frame for the modesty panel. Had neither been

restrained, each would have been thrown forward into the modesty panel and

probably would have received at least some minor injuries. However, because

most of the impact would have been spreaa out over the entire body, rather than
concentrated on their. heads. their injuries might well have been lessened.

The two passengers sitting on the left side in the secend seat claimed to be

wearing lapbelts; neither was injured. However, the passenger next to the aisle
told the Safety Board investigator he had not actually buckled his belt: he had

inserted the "tongue" of-the belt into the buckle latchplate. but not -far enough

to engage the buckle. He also stated that AS the belt opened, the passenger
seated adjacent to the window grabbed him and held him in place.

The passenger sitting 06 the left side in the third seat next to the window was
wearing a lapbelt. His only injury, was a bruise from the lapbelt.

The passenger sitting in the last seat on the right side was next to.the window
and was misusing the restraint furnished at his seat. He had fastened the buckle.
from the lapbelt at one side of the seat to the latchplate from the lapbelt on
the other side of the seat. forming 4 large lapbelt with excessive slack. He

received minor (AIS 1) injuries (two bruises and a laceration .to his head), from
pivoting forward at the hips and striking his-head on the seatback in front of

him. Had he not been wearing the-restraint. he probably still would have
received some minor injuries from being thrown against the seatback in front of

him.

Driver

The driver of the schoolbus was wearing a lap/shoulder belt equipped- with dual
retractors and a windowshade tension relief feature. She received minor (A1S I)

contusions and abras)ons. from the driver's description, it appears that the

lapbelt portion of the restraint was properly adjusted, but the shoulder strap
was worn loosely over the driver's left chest, sagging to an area probably lower

than that usually considered proper. Had the driver not been restrained by the
lap/shoulder belt, she would have been thrown forward into the steering wheel and

instrument panel. probably receiving additional minor and perhaps moderate

injuries.
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Notes About the Accident

APPENDIX B

Although most passengers in the school van apparently were restrained, they may
not have been wearing the lapbelts correctly. These students had behavior

disorders and required constant supervision. The school district furnishes no
formal direction or education regarding the, proper placement or snugness of
restraints. The students are told by the driver to use the lapbelts and pull
them 'tight."

This school van was equipped with restraining barriers forward of -both front

seats. The panels were supported by stanchions and crossbars which, though
padded, present a contact surface to passengers in the front s?ats.
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Lake Zurich, Illinois
Case Number 5
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Case No. 6 Safety Board Investigation No. FTW-87-F-S815

Location of Accident Intersection of Garey Avenue at Grand; Pomona,
California

Date and Time June 11, 1987; 2:40 p.m.

Description of School Vehicle Type A van conversion: 1987 Dodge chassis with 16-
passenger Bantam body by Collins Bus Corporation

Type of Accident

Severity of Accident

Frontal impact

Delta V unknown

Summary of Events

A small school van was transporLing_nine_special educationstudents Ori.a five-
lane city street. The driver and all nine student passengers were restrained, by
the lapbelts installed in the van. Witnesses stated that the van was trave?ing
at about 35 mph when it veered from the second traffic lane and struck the curb.
The-students reported that the 72-year-old. driver grasped his chest, and then
slumped behind the steering wheel. The van rode along the curb for about 250
feet before overriding the curb and striking front first into an 18-inch-diameter
utility pole.

No_ information is available on evacuation.

The poststandard ichool van received substantial damage to the front and left
front. The 18-inch utility pole penetrated more than 20 inches into the driver's
seating area. The steering column was displaced rearward, and the floor and
firewall around the driver's seat were buckled. The driver's seat was also
forced rearward and displaced from its mounting tracks. Induced damage was found
all about the van's body; both the left and right front doors were jammed. The
rear emergency exit doors and the double doors on the right side remained
operational.

Dutton* of Occuparts of School Vehicle

Passengers

Of the 9 passengers, ages 6 to 12:
9 received MATS 1 (minor) injuries.

All passengers reportedly we: wearing the lapbelts available at their seating
positions at the time of the crash. The Safety Board investigator was not able
to confirm their restraint status. howeverT.
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All passengers reported minor (AIS 1) contusions, abrasions, and lacerations_Most of the injuries were to the face or lower limbs, with two complaints ofabdominal trauma. The pattern of injuries, especially compaints of abdominalpain, are consistent with lapbelt use. Most passengers probably would havesustained injuries of similar severity had they been unrestrained, except forthe passengers in the front seats. This van conversion did nothave barriersinstalled forward of the front seats; even in this moderate speed collision, thepassengers in the front seats could have suffered
additional injuries if theyhad been thrown forward into the frontal interior and stepwells.

Driver

The lapbelt-restrained driver received critical (AIS 5) injuries that provedfatal: flailed chest, laceration of the left lung, a_cardiac contusion, andmultiple abrasions andlacerations. Because of the severe intrusion into thedriver's compartment, the use of a lap/shoulder belt
probably would not havereduced his injury level.

Notes About the Accident

This school van was not equipped with padded restraining barriers, or any type ofbarrier, forward of the front seats. Consequently, unrestrained passengerswould be free to be move forward into the frontal
interior and door stepwells.On the other hand, had restraining barriers been present, lapbelted passengerscould have sustained neck head injuries from contact with the barrier as theyjackknifed forward during the frontal collision.

A review of the "1-year-old drlier's medical history revealed that he had beendiagnosed in 197 is having chronic pulmonary
obstruction and atheroscleroticheart disease. The autopsy report revealed 85 percent occlusicn of the anteriordescending branch cf the left coronary artery, 75 percent occlusion of the rightcoronary artery, an 117.1s percent occlusion bf the circumflex

coronary artery.
At the time of Li accident, the driver possessed a valid medical certificate fordriving a school bus



Pomona, California
Case Number 6
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Principal Direction
of Force

Left Side_of Bus
Driver
M-72, MAIS 5
Lacerations of left lung

with hemothorax
Cardiac contusion
Flail chest
Fracture sternum
Fracture - left femur
Contusion - right iung
Multiple abrasions
Multiple lacerations
Row 1A
F-12, MAIS 1
Row 2A.
F-11, MAIS 1
Row 2B
F-8, MAIS 1
Row 3A
M-7, MAIS 1
Row 38
M-13, MAIS 1
Row 4A
M-9, MAIS 1
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Case No. 7 Safety Board Investigation No. CHI-85-H-OR06

Location of Accident 128th Avenue and 26th Street; Allegan, Michigan

Date and Time December 5, 1984; 12:15 p.m.

Description of School Vehicle Type A van conversion: 1978 CheVrolet chassis with
16-passenger body by Sheller-Globe Corporation

Type of Accident Head-on Collision

Severity of Accident Delta V unknown

Summary of Events

A school van'was transporting seven Head Start students. All passengers were

restrained: three by lapbelts and four by child_safety seats. The driver was

wearing the available lapbelt. The van was traveling on a two-lane, two-way

rural highway when an oncoming tractor/trailer combination unit (27,710 pounds)

crossed over the centerline into the schooT van's lane. When the truckdriver

braked, attempting to get out of the path of the school yan, the.trailer unit

jackknifed and rotated counterclockwise. The van struck the trailer head-on with

its extreme left front, striking the right drive axle of the tractor and crushing

in the entire front structure of the van. At impact, the van rotated

counterclockwise 90 degrees, traveled 38 feet backward, and came to rest upright.

-

The driver of the van was pinnecil,in the wreckage and was uhable t6 assist with

evacuation of the passengers. At least two of the passengers were removed from

the van by passersby; the rest were removed by emergency response personnel and

other persons assisting at the accident scene.

The front structure of the school van was destroyed, with structural collapse

reaching a depth of more than 35 inches at the exterior left front,- past the
driver's compartment, ending just forward of the first row Of passenger seats.

No major damage was noted to the passenger seat framework or to the van interior

behind the restraining barrier. Restraining barriers mounted just behind the

driver's seat and the loading door were displaced rearward at their bottom

attachments due to 'the buckling of the passenger compartment floor. This-

rearward displacement probably increased the severity of contact for passengers

in the front seats.

Most of the damage to the poststandard school van in this severe crash was

sustained at the driver's compartment. The integrity of the passenger

compartment was not violated and, considering the impact forces involved, the

-passengers fared well. From severity of the crash and difference in vehicle

weights, the van driver had little chance of survival; she was fatally injured.

1
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Outcome of Occupants of School Vehicle
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'Passengers

Of the 7 passengers, ages 3 to 4:
4 sustained MAIS 1 (minor) injuries,
2 sustained MAIS 2 (moderaie; injuries, and
1 sustained MAIS 3 (serious) injuries.

Three of the passengers'were restrained by lapbelts; four others were in child
safety.seats secured to the bench seats by lapbelts.

The major impact forces of this collision acted at the extreme front of the yane
While the front stopped in a very short distance, the rear rotatrd very rapidlY
away from the direct force line. This increased-the distance over which the rear
of the van decelerated, in effect, greatly reducing the G forces at the seatin%
positions nearer the rear of the van:

The most seriously injured passengers were seated in the front area of the van;
all moderately injured passengers were seated along the left side. Injuries to
the children in the.front seats were a direct result of the collapsing front
structure; the other passengers in the van were injured by contact with the seats
in front of them. Most of the passengers who sustained minor injuries were
seated at the rear and right rear of 'the van, the portion of the passenger
compartment that experienced less crash forces

The passenger on the left side in-the front seat next to the-window, in a Ford
Tot Guard child safety.seat, sustained serious (AIS 2) injuries: fraCtures of
left arm and leg. ihe passenger on the right side in the 'front seat next to the
window, also in a Ford Tot Guard child safety seat, sustained serious (AIS 3)
injuries: displaced-fractures of left leg. Had these two passengers not been
restrained, they probably wo'uld have been propelled into the collapsing
sheetmetal and would have sustained more serious injuries.

The passenger on the left side in the second seat next to the window, restrained
by a lapbelt, sustained minor (AIS 1) injuries: contusions and abrasions,
attributed principally to the lapbelte This passenger might have been more
seriously injured had the restraint not been used.

The lapbelted passenger seated on the left side in the third seat next to window
sustained a moderate (AIS 2) injury (fracture of the left wrist) and minor
contusions from the lapbelt. This passenger could .have been more seriously
injured had she been unrestrained.

The lapbelted passenger on the right side in the third seat next to the window
sustained minor (AIS 1) injuries: contusions and abrasions. His injuries might
have been more serious had he been unrestrained.

The passengers of both fourth row seats next to the windows were in Ford Tot
Guard child safety seats. Both received minor (AIS 1) injuries: contusions and
abrasions. The child safety seats worked well in preventing additional or more
serious-injuries.
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_

Driver

The driver used the available lapbelt. Because of the structural collapse thatoccurred at impact, the driver received multiple traumatic injuries that provedfat,-.1. Specific injuries listed by emergency room records .included near
amputation of the left arm and left leg (ATS 3), multiple lacerations about theabdomen and face, arid facial contusions. Restraint use was irrelevant for thedriver because no survivable space remained at his seating position.

Notes About the Accident

This school van was equipped with well:padded restraining barri forward'ofboth frOnt bench seats.-
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Allegan, Michigan
Case Number 7
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Principal Direction
of Force

Heavily padded
modesty panel

Left Side of Bus
Driver
F-26, MAIS 3
Neal amputation of left arm
Near amputation of left leg
Laceration on abdomen
Multiple lacerations on face
Laceration on right leg
Contusions on face

Row 1A
M-3, MAIS 2
Fractured left radius
Fractured left ulna
Fractured left tibia

Row 2A
M-4, MAIS 1

Row 3A-
F-4, MAIS 2
Nondisplaced fracture of left wrist
Contusion on right hip
Contusion on left hip

Row 4A
M-4, MAIS
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Case No. 8 Safety Board Investigation No. MKC-84-H-S1321

Location of Accident An unnumbered Webster County road; outside Fort
Dodge, Iowa

Date and Time March 15, 1984; 12:25 p.m.

Description of School Vehicle Type A van conversion: 1980 Chevrolet chassis with
16-passenger body by Superior Coach International

Type of Accident Noncollision rollover (900)

Severity of Accident _ Delta V not calculable

Summary of Events

A school van, equipped with lapbelts for all occupants, was transporting two
kindergarten students home from-school on a-wet, two-lane, two-way gravel road.
Alloccupants were unrestrained-. The driver allowed the van to travel to the
left edge of the road and then back across-the road to the right edge. The van

then veered back to the left, rotating counterclockwise 1800, and overturned
onto its right side in a ditch. The driver was partially ejected and crushed.

The two passengers opened the rear emergency door and exited the van_

The interior.of the poststandard school van was not damaged, and only minor
damage occurred to the exterior. The boarding door, which had been partially
open as the bus rolled-over, was damaged- as was the right rear corner of the--
school van. The structure of the van held up well in the rollover. Crush forces-

were minor. No panel separations occurred, and the vehicle- body was not

distorted.

Outcome of Occupants of School Vehicle

Passengers

Of the 2 passengers, age 6:
2 were uninjured.

One passenger had been on the right side in the second row next to the window;
the other was on the left in the third row next to the window. The pa;senger in
row 3 probably slid to the right side during the rollover. Neither of them was
wearing the available lapbelts. The passengers told the Safety Board

investigators they had never been instructed or encouraged to use the available

belts. (The school district policy, as stated by the bus supervisor, is that if

a seatbelt is available, it is to be worn.) Because both passengers were
uninjured, their lapbalt use in this accident would not have been of benefit.
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The driver of the school van received injuries that proved fatal: chest

compression syndrome. As the van rolled to the right, the unrestrained driver
probably fell out of her seat and against the boarding door. The driver was
partially ejected and then crushed under the door frame as the bus cane to rest
on its right side. If the driver had morn the available lapbelt, her ejection
and resulting death could have been prevented.

Notes About the Accident

The school van was equipped with padded restraining barriers forward of the front
row of seats.

The passenger loading-door latch cOnsisted.of a-handle near the center- of the
vehicle that is Connected to the door by a long rod. -The handle latches the dmr
closed by being swung past center in an arc. The handle is easily bumped ar
jarred past center, allowing the door to open:- several other -drivers -in the-

school di-S.6=kt stated that, on roUgh -roads', the latch did not keep the door from
opening. The Safety Board found that the door handle on the accident van mowed
easily out of the locked position. A positive latch.cin the door handle could
prevent this occurrence.

The unrestrained driver either may have bumped or grabbed the door handle ofthe
passenger boarding door as she 'fell against the door. -Thus, she may hale
'unlocked the door, permitting her ejection.

See also cases 11, 15, 17,-and19.
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Fort Dodge, Iowa
Case Number 8
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Case No. 9 Safety Board Investigation No. LAX-87-11-S808

Location of Accident State Route 134; Los Angeles, California

Date and Time April 8, 1987; 8:30 a.m.

Description of School Vehicle Type A van conversion: 1976 Ford school van

configured for 16 passengers

Type of Accident Noncollision rollover (900)

Severity of Accident Delta V not calculable

Sumary of Events
. _

A school van, transporting three special education stUdents, was traveling on a
four-lane freeway at a-driver-estimated speed of 35 mph. All occupants were_
reported to be-restrained-by the lapbelts available at each seating position..
The driver had to br-akesuddehly,-the van skidded-forward, and the driver made a,
sharp right turn to avoid collision with a vehicle ahead. The school van rota1k'
1800 clockwise and overturned onto its left side.

The driver exited through the right door of the bus. Two of the passengers were
able to release their lapbelts and extricate themselves. One passenger was:
unable to release the belt and was helped by the driver. A passerby also helped
the passengers exit the bus through the right front door.

DaMage to the poststandard school vehicle was slight and-was limited to-minor-
dentirig at the D pillar, displacement of the overhead signs and the left side
mirror, and minor sheet metal scraping. The driver's door window and the front
section of a left side adjustable window shattered. No interior damage was
evident. The van performed well in this low speed rollover.

Outcome of Occupants of School Vehicle

Passengers

Of the 3 passengers, ages 12 to 15:
3 were uninjured.

Although no one was injured, one passenger complained of leg pain.

Reliable information was noi available about the exact seating position of the
passengers; the lapbelts displayed no force loading marks to confirm restraint
use. Had the passengers been unrestrained, the injury outcome probably would
have been similar in this low speed rollover, but analysis is hindered by-lack of
information about seating poslition.
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Driver

106

The lapbelt-restrained driver wa'S not injured, but she did experience neck pain.

Had she not been restrained, injury outcome probably would have been similar.
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Los Angeles, California
Case Number 9
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Case No. 10 Safety Board Investigation No. NYC-85-H-SBIO

Cat?

Location of Accident Southern State Parkway; outside New York City, New
York

Date and Time April 19, 1985; 3:30 p.m.

Description of School Vehicle Type A van conversion: 1978 Dodge chiisis with 16-
passenger Fortivan body by Coach and Equipment
Manufacturing Corporation

Type of Accident Noncollision rollover(2700)

Severity of Accident Delta V not calculableAdriver reported she was
traveling 45 mph before loss of control)

Summary of Events

A school van was transporting 10 learning-disabled students and an adult aide
home from school on a rainy day. Only one passenger and the driver were
restrained. As the van negotiated a curve, at a driver-estimated speed of 45
mph, the driver lost control and the van struck the curb of the center median.
The van rolled over onto its left side in the median, continued to roll until it
completed three-quarters of a revolution, and came to rest on its right side.

The 10 students were evacuated through the rear emergency door; the driver and
aide-evacuated the van through the front windshield area (the windshield had-been
dislodged).

The top portion of the poststandard van was shifted slightly to the right and
showed scratch marks from the rollover. Two sections of sheet metal on the
midsection of the inside roof had separated, exposing the edges of the metal.
The seats on the right side were undamaged. The seatbacks on the left side were
pushed slightly inboard. The left side window frames were displaced toward the
center about 7 inches and were up against the seatbacks. The padded restraining
barriers were dislodged from their anchors.

Outcome of'Occupants of School Vehicle

Passengers

Of the 11 passengers, a 26-yar-old aide and 10 students, ages 9 to 13:
2 were uninjured,
8 sustained MAIS 1 (minor) injuries, and
1 sustained-MAIS 2 (moderate) injuries.
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Only 1 of the 11 passengers was restrained although a lapbelt was available at
every seating position. The lapbelted passenger was seated on the right side in
the second row next to the window, and reportedly was uninjured.

Of the 10 unrestrained passengers, only one received more than minor injuries:
the student seated in row 1 on the left aisle received a moderate (AIS 2) injury
(a fractured left clavicle, contact point unknown) and a contusion on the left
shoulder (AIS 1) from contact with a window frame. Lapbelt use might have
reduced the moderate injury to a minor one, because the fractured clavicle most
likely occurred when the passenger fell from the left to the right side of the
van during rollover.

Difference in the minor injuries sustained by the other unrestrained passengers
would have been unlikely had lapbelts been used. In a rollover of more than
180°, passengers sitting next to the windows will likely strike their heads,
arms, and legs against the vehicle Anterior, fven if lapbelted.-

The adult aide received the most extensive assortment of minor (AIS 1) injuries
of any- passenger: lacerations to the right side of head, abrasions on left
wrist, contusion to left leg, contusion near-eight-eye, and laceration to left
elbow. She had been seated on the right sit:e in the first row next to the
window.

The initial ground contact was on the left side, near the top of the windows.
Passengers seated on the left side of the poststandard van would have sustained
more severe initial impact.

Driver
-

The driver of the school van1 was wearing the available lapbelt and received minor
(AIS 1) injuries: contusions on abdomen (from lapbelt) and laceration on bridge
of nose (contact unknown). It is difficult to determine whether the injuries
would have been different had the driver not been wearing the belt.

Notes About the Accident

Analysis of injuries based on official police reports can be misleading. The New
York police accident report filed with the Department of Motor Vehicles lists 8
of the 10 students in the bus as having no visible injury. The Safety Board
investigator however, determined that two students were uninjured, seven had
minor injuries, and one sustained moderate AIS 2) injuries.

An adult aide had been provided by the school district to ride the school van to
assist the driver with the special education students. One of the aide's duties
is to instruct the children to buckle up (the aide is not asked to physically
fasten their seatbelts). Despite this charge, the aide and 9 of the 10 students
were unrestrained at the time-of the accident. Because the laphelts on this bus
were manually adjustable, students would have to adjust the belts before they
would fit properly.
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One of the poles supporting the restraining barriers came loose, leaving am
exposed anchor point in the ceiling that could have caused injury to the
passengers. One unrestrained passenger is known to haye struck the ceiling, but
not at this location.

This van, retrofitted to Federal school bus standards, held up relatively well
during the rollover. Although the roof panels separated, exposing edges of sheet
11;etal, they apparently did not injure any of the passengers. Such panel
separations pose a hazard to passengers.
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Nassau County, New York
Case Number 10

Lightly padded
modesty panel
with aisle stanchion
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Left Side of Bus
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Row 18
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Case No. 11 Safety Board Investigation No. NYC-87-H-SBO5

Location of Accident Palmer Road; Denville, New Jersey

Date and Time March 9, 1987; 8:40 a.m.

Description of School Vehicle Type A van conversion: 1986 Chevrolet chassis with
16-passenger van body by Van Con, Inc.

Multiple frontal impacts, followed by rollover
(900)

Type of Accident

Severity of Accident Delta V 10 mph for initial pole impact

Summary of Events

A school van, transporting six students to school, was negotiating a right curve..
on a two-lane roadway when the driver lost control _of _the vehicle. The van
traveled onto the left shoulder, struck two utility poles, rolled over onto its
right side, and came to rest. Four of the passengers were restrained by
lapbelts; the driver was restrained by a lap/shoulder belt.

After the crash, the driver unbuckled his lap/shoulder belt and walked over the
passenger. seats to the rear of the van, opened the emergency exit door, and
assisted each student out of the van. The driver and students then waited at the
side of the road for the police to arrive.

The poststandard van sustained moderate damage to the left and right front
fenders from contact with the utility poles. Only minor damage occurred to the
van body from the rollover. There was a minor separation of the inner sheet
metal from the window frame of the rearmost window on the right side and at the
right front behind the -passenger loading door. The boarding door had opened
during rollover. The flooring was buckled underneath the driver's seat and the
engine cover. The instrument panel between the engine cover and steering column
was cracked, and the right side passenger door control arm was deformed. Blood
and hair were embedded in the second window frame on the right side.

Outcome of Occupants of School Vehicle

passengerl

Of the 6 passengers, ages 5 to 18:
4 were uninjured, and
2 sustained MA1S 1 (minor) injuries.

Four of the six student passengers were restrained with static lapbelts. Of the
two passengers that were injured, one was wearing a lapbelt and one was
unrestrained. Both were seated on the right side, and both received minor (AlS
1) contusions and abrasions to the right side of their bodies. 'Passengers on the
left side of the vehicle (the high side of the vehicle during ttie rollover), were
uninjured; two were lapbelted and one was unrestrained.
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There appears to be no correlation between belt use or nonuse and the injuries
sustained in this accident.

Driver

The driver, who was restrained by a lap/shoulder belt, sustained a minor (AIS 1)
contusion to his left knee. This injury was probably caused by the deceleration
when the bus struck the first utility pole. The lap/shoulder belt may have
prevented additional injuries to this driver.

Notes About the Accident

The passenger'seats were equipped with manually adjustable lapbelts that'had
cinching-type, lift release-type bucklesThe_belts_were anchored to the seat_
frames and were routed between the seat cushions and seatbacks.

It .appears that the right side- passenger loading door opened during the
collision; the door control arm did not have locking mechanism. Although the
open door did not result in additional injuries in this accident, it did present%
a potential hazard by creating an opening through which an occupant could have.-
been ejected. (See case 8, Fort Dodge, Iowa.)
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Denville, New Jersey
Case Number 11
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Case No. 12

Location of Accident

Date and Time
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_Safety Board Investigation'No. SEA-87-H7S805

West Powell Boulevard; Gresham, Oregon.

January 14, 1987; 1:98 p.riL

Description of School Vehicle Type A van conversion: 1979 Dodge chassis with 14.-
passenger Sturdivan. body by T.P.I. (van was painted
brown)

Type of.Accident Frontal impact, followed by rollover (900)

Severity of Accident Delta V 21.7 mph

Summary of Events
. _

A school van, equipped wfth lapbelts for all occupants, was transporting 11 Head
Start students home from school, traveling at a witness-estimated speed of 40-

mph. Of :the -11 passen9ers, 10 were wearing lapbelts; the driver was--

unrestrained. ThedrIver lost control-of the Van on-a two-lane asphalt road; the
*vehicle crossed.over into the opposing lane, left the roid, and jumped a curb.
After it struck a large brick and concrete pillar, the van slowly rolled over
onto its left side and came to rest.

A passerby saw the van turn over, went to the bus, entered through the front
windshield (which had been displaced), and began helping students out-of the van.

She handed them to another passerby standing outside the bus. She later recalled
finding one student dangling from the belt but could not recall if other students

Were in such position.
_

The van sustained most of its damage to the front end, just to the right of
center, with the maximum crush measuring 29 inches. Minor scratches and dents-
were noted on the left side. Considering the severity of the impact, this
poststandard school van-performed well.- All of the damage was confined to the

exterior of the vehicle. The entire windshield was displaced during the

accident.

Outcome of Occupants of School Vehicle

Passengers

Of the 11 passengers, ages 4 to 5:
1 was uninjured,
9 sustained MAlS 1 (mihor) injuries, and

1 sustained MA1S 2 (moderate) injuries.

Of the 11 passengers, 10 were wearing lapbelts; Ahe unrestrained passenger-was

the only one uninjured.
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'The two lapbelted passengers on
the left side in the first seat received minor

injuries. Both had bruises On Aheir abdomens from the lapbelts; the passenger

next to the window had bruises and abrasions on her.face, most likely caused .by

hinging forward at her hips.and striking the restraining barrier with-her head:

the other, seated next to the aisle. received a laceration on his left hand and

abrasions on his left hand and right knee. He probably hit the restraining

barrier and his knee. Had these passengers not been wearing lapbelts,

injuries probably still would have been minor.

The front seat on the right side was occupied ty two lapbelted passengers. The

5-year-old next to the aisle was the only passenger who received a moderate

injury, a concussion, the worst injury sustained in this crash. His head

injuries were probably caused when he "jackknifed" forward at-the_ hips and_his:

head struck the restraining barrier in front .of him. Nis other injuries

consisted of bruises on his face, a laceration on the inside of his lower lip,

and a bruise on his right arm, He 'also had abrasions on his abdomen from the__

lapbelt: Had he not been wearing the lapbelt, he most likely would have hit the

restraining'barrier with his entire body. The forces would have been distributed

over a larger portion of his body, and his injuries might have'been only a:nor

(MATS 1).

The other passenger in the front seat on the right side, next to the window,

sustained bruises and a minor abrasion to the head and complained of abOoninal

pain for 5 days after the accident, probably from the lapbelt. Had 'this

passenger been unrestrained, the injuries might have been different but probably

still would haw, been minor.

Both lapbelted passengers in the second seat on the left side receiNed ninor

injuries. The passenger next to the window had abrasions on the right si..te of

his bead, probably from hitting the back of the seat in front of him. ?hp

passenger next to the aisle received a small laceration on the left ear., ah

abrasion on her chin, and a bruise on her right shin. Both complained- of

abdominal pain. Had neither of these passengers been wearing the lapbelts, they

most likely would have been thrown forward into the seat in front of them and

still would have received At least minor injuries.

The only unrestrained passenger, sitting in the second seat on the right side

next to the aisle, was the only passenger not injured. Although he told Ihe

investigator he was wearing his lapbelt, two other passengers stated'he was not.

He also had no abdominal bruises or pain. Had he been wearing the available

lapbelt, he might have experienced some abdominal pain or bruising.

The other passenger in the seat, next to the window, received abrasions on the

right side of her head and contusions from the lapbelt. The head injuries were

probably caused by hitting the seatback in front of her as she hinged forward

from her hips. Had she not been wearing the lapbelt. her injuries might have

been different but still would have been minor.
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The remaining lapbelted passengers were sitting in the third seat: one on the
left side next to the window, and two on the right side. All three received
bruises around the abdomen, caused by the lapbelts. Other injuries were
contusions and abrasions on the face, most likely caused by striking the back of
the seat in front as they jackknifed forward from their hips. Had they-not been
wearing the laobelts, the energy of impact with the seatback in front of them
would not have been concentrated on their faces and heads, but they probably
still would have received minor injuries.

Driver

The driver was not wearing the available lapbelt. She was thrown-forward- on
impact and most likely contacted the windshield and/or steering Wheel, causing
AIS I abrasions, lacerations, and bruises on her face. The contact with the
steering wheel and the bruise on her right thigh could have been resulttd frNi
hitting the engine cover. Had she been wearing the lapbelt, she probably still
would have-received some minor injuries.--

Notes About the Accident

The driver told the Safety Board investigator that she had been distracted by the
students' behavior immediately before the accident. She said she was playing a
tape on school bus safety at the time of the accident. She also related that
this group of students was the most unruly of the groups she drove, and that no
parents ride on this run (on other runs, parents ride along, which helps with
discipline). This van was equipped with lapbelts and all passengers but one were
belted at the time of the accident. :The driver, however, was not wearing her
lapbelt.

.

_ -

The sehool van was equipped with padded restraining barriers.
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Gresham, Oregon
Case Number 12
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Case No. 13 Safety Board Investigation No. FTW-86-H-5803

Location of Accident Alternate U.S. Highway 90; Houston, Texas

Date and Time lebruary 25, 1986; 3:35 p.m.

Description of School Vehicle lype A van conversion: 1980 Dodge chassis with 16-
passenger body by Collins Bus Corporation

Type of Accident Frontal impact, followed by rollover (3600)

Severity of Accident Delta V not calculable (van was probably traveling
less than 25 mph when it vaulted from-the'guardrail.

into 3600 rollover)

Summary of Events

A school van, equipped with lapbelts for all occupants, was transporting nine
deaf students home from school. All occupants were restrained. As_the vehicle

was traveling a divided section of four-lane highway, the driver, lost control.

The van left the roadway, struck and overroad a metal W-beam guardrail, and
rotated 900 clockwise over about 30 feet. It then vaulted from the guardrail,

rotated 1800 degrees about its vertical axis and landed on its roof,

continuing a 1800 rotation before coming to rest upright.

Evacuation from the van occurred through the rear emergency exit because the
front door was jammed by impact forces during the rollover. The older students
reportedly kicked open the emergency exit and assisted the younger students and
driver.--The- aislecontained no displaced seat cushions_or-other obstructions.
The driver and students reported no problems in disconnecting their lapbelts.

The van body sustained exterior damage to the left front, extending 24 inches

laterally with approximately 6 inches of rearward crush. The roof was cfAlapsed
inward and down 8 inches at the ri9ht front and 12 incLes at the left front.

Buckling of the roof and door frame dime the passenger loading door rendered the

door inoperative. The windshield was displaced from its frame during the

rollover7- The interior of the bus body sustained moderate crushiny damage during

the rollover and ground impact.

The panel above the rear emergency exit door was distorted, with five attachment
screws displaced, but the door remained fully operational. The steering wheel

was deformed forward and downward approximately 2 inches, and the driver's
rearview mirror was shattered. A maintenance access panel, on the interior left
side just to the rear of the driver's seat, was displaced about 2 inches, posing
a potential hazard to passengers.

The poststandard van performed well in this moderate speed impact and full

rollover. The only major Itructural failure occurred at the right front and
resulted in the disablement of the passenger loading door.
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Outcome of Occupants of SChool Vehicle

Passengers

Of the 9 passengers, ages 14 to 19:
9 sustained MAIS 1 (minor) injuries.

A11 passengers were restrained by lapbelts. Only one passenger, on the left_side

in the front seat on the aisle, received an abdominal contusion attributed to

lapbelt-use.

Injury outcome in this accident, in which every passenger was restrained, was
similar to accidents investigated ty the Safety Board in whiCh passengers were

unrestrained. The lapbelted passengers were prevented from being thrown about
the bus interior but were not prevented from interior.contacts..that caused their

minor (AIS I) injuries: abrasions and contusions. Lapbelts are not designed to
prevent, nor are they cpable-of preventing, minor, (AIS -1) injuries. -In-this
particular accident, however, lapbelt use probably prevented additional injuries-

during the_vault and subsequent 3600 rollover. .

Driver

The lapbelted driver received minor (AIS 1) injuries: a laceration of the lip
from contact with the rearview mirror and multiple contusions of the left arm.

The driver probably would have been more seriously injured had she been

unrestrained. The driver, however, apparently had her lapbelt loosely adjusted,
because she came up off her seat and contacted the rearview mirror. Measurements
from the driver's seating position indicated that the latchplate was adjusted out
25 inches and that the buckle was adjusted out 30 inches.

Notes About the Accident

The driver was the first person to be taken from the scene by rescue personnel.
This hampered rescue personnel because she was the only person who knew sign
language; without her, rescue personnel could not communicate with the deaf
students to determine the nature of their injuries.
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Case Number 13
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Case No. 14 Safety Board.Investigation No. NYC-87-H-SB06

Location of Accident Saw Mill River Parkway; Westchester, New York

Date and Time March 25, 1987; 8:30 a.m.

Description of School Vehicle Type A van conversion: 1982 Ford chassis with 16-
passenger Sturdivan body by T.P.I.

Type of Accident Rollover (8100), followed by multiple impacts

Severity of Accident Delta V unknown

Summary of.Events

A school van was transporting 11 unrestrained, learning-disabled students on a
scheduled route from Bedford to Irvington, New Vork. The van...was traveling a
straight and level section of a four-lane divided highway, at an estimated speed
.gf 62 mph, when it departed the right side of the road, rolled 2-1/4 times,

- struck a signpost and two trees, and came to rest on its left:side. A 14-year-
old passenger who had been seated in the left front afilé- seat-Was partially
ejected through a left side window and was pinned under the bus.

After the crash, all of the passengers, except the student who was partially
ejected, walked unassisted out of the vehicle through the rear emergency exit and
waited at the side of the road for the police. Rescue personnel cut the seatbelt
restraining the driver and assisted her from the vehicle. They were also able to
pull the partially ejected boy from underneath the overturned van without having
to lift the vehicle..

-^

The tops of both front fenders of the postitandard van were pushed downward. The
front of the roof, both A pillars, and the window frames of both side doors were
pushed downward and rearward. The remainder of the roof was dented and scraped,
and both side doors were buckled; the windshield, right side door window, and
second passenger window on the left side were all shattered.- The right rear

-emergericy exit door was detached from the vehicle, its hinges still attached to
the door but pulled from_the door frame anchors. Both rear passenger seats were
twisted and pushed rearward, whereas the right front passenger seat had pulled
away from its sidewall anchor and was tilted leftward. The front ceiling had
been pushed down into the driver's compartment, and it was buckled with several
seam separations.

Outcome of Occupants of School Vehicle

Passengers

Of the_11 passengers, ages 13 to 17:
6 were uninjured,
4 sustained MAIS 1 (minor) injuries, and

I sustained MAIS 2 (moderate) injuries.
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All passengers were unrestrained. The passenger who was partially ejected out
the second passenger window on the left side sustained a fractured pelyis (AIS
2). Had the passenger been wearing the available lapbelt, he would not have been,
ejected and possibly would have sustained a iksser injury; his specific injury, a
fractured pelvis, could not have occurred. Had he been unrestrained but not
ejected, he might have sustained injuries more comparable in severity to those
sustained by other passengers: six were uninjured and four sustained only minor
(A1S 1) injuries.

Driver

The driver was wearing the available lap/shoulder belt and sustained only minor
(AI5 1) injuries._ Had the driver not been restrained, she could have sustained
more serious injuries from being propelled into the sheet metal of the collapsing
roof.

Notes About the Accident

A witness stated that the van "weaved"; the driver stated that the van "wobbied=
until she lost control.

During the rollover, the right rear emergency exit -door opened and was
subsequently torn from its hinges. This provided another for a possible
passenger ejection. No substantial deformation occurred to the door frame or tm
the left rear door; hence, the two rear emergency doors should have remained
closed throughout the crash sequence.

The driver had been hired 5 days before the crash and had not previously driven a
school van. She had received no training in operating the van, and had driverti
the van only once 2 days befOre the accident. -When hired, she passed-a stx-
question written test and a road test administered by another company employee.
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Weschester, New York
Case Number 14

Modesty panel
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Case No. 15 Safety Board Investigation No. CHI-87-H-S812

Location of Accident State Route 199 at Dunbridge Road; Perrysburg, Ohio

Date and Time April 6, 1987; 11:55 a.m.

Description of School Vehicle Type A small school bus: 1981 Chevrolet chassis
with 23-passenger Busette body by Wayne Corporation

Type_ of Accident Left front collision, followed by secondary impact

Severity of Accident Delta V unknown

Summary of Events

A small school bus was transporting 15 students and- 2-aides -home from a Head
Start day-care program. Of the 15 preschoolers, 13 Were wearing loosely adjusted
static lapbelts, 1 was seated in a misused child safety seat, and reitraint
status for the other was unknown. One of the aides was restrained by.a lapbelt,
and the driver was wearing the available lap/shoulder belt. As the school bus
crossed an intersection, at a driver-estimated speed of 50 mph, -it struck
passenger car with its left front. The bus continued about 110 feet before
veering to the left into a drainage ditch and striking a dirt embankment. The
bus came to rest upright.

The occupants were evacuated through the right front passenger loading door and
the rear emergency exit door.

-ThePost-standard bus received substantfal -damage-6h the left front and left front
side from the impact with the passenger car. Damage was also noted from the
secondary collision with the dirt embankment. The combination of impacts
resulted in 30 inches of rearward crush at the left front of the bus. The
collapsed structure intruded 20 1/2 inches into the driver's compartment, pushing
the instrument panel and steering assembly into contact with the driver. -The

floor in front of the driver's position buckled, rotating the top of the driver's
seat rearward.

Outcome of Occupants of School Vehicle

Eusenciers

Of the 17 passengers, a 16-year-old aide, a 35-year-old aide, and 15 students,
ages 4 and 5:

1 was uninjured,
11 sustained MAIS 1 (minor) injuries,
2 sustained MAIS 2 (moderate) injuries, and
3 sustained MAIS 3 (serious) injuries.
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Reports indicated that all occupants were wearing some type of restraint at the
time of the acident. Safety Board investigators, however, determined that one of
the aides was probably unrestrained And that most of the lapbelts used by
passengers were not adjusted properly.

The 4-year-old passenger on the left side in the front seat next to the window
was in a Kantwet Safeguard model 301 child safety seat. Inspection of this seat
and the lapbelt used for attachment found that the lapbelt was not routed in
accordance with the instructions provided with the seat. The right side shoulder
strap of the safety seat was not attached to the system. The passenger received
a- serious (AIS 3) fracture of her left femur and multiple minor (AIS 1)
contusions. The serious injury probably occurred as -a direct result of the
misuse of the child seat, because it allowed the passenger sufficient forward
movement to contact the left side bulkhead at the junction of the van chassis and
the school bus body. Had the seat been properly secured to the bench seat, the
passenger's injuries would likely have been reduced.

The 5-year-old passenger seated on the left side in the front seat next to the
aisle was reportedly wearing a static lapbelt. Inspection of the lapbelt found
the cinching latchplate adjusted to 22 inches from the function of the seat
cushions--an excessive distance for the passenger's size. The passenger received
a moderate (AIS 2) closed head injury, probably from contact with the driver's
seatback as it rotated rearward. The absence of abdominal contusions or other
trauma indicates that the lapbelt probably provided little restraint: excessive
slack was found in the webbing. An unsecured child safety seat was found in this
passenger's seating position, thus the restraint status is unknown.

The adult aide on the right side in the front seat next to the aisle stated she
was restrained by the static lapbelt available at her position. The driver,
howeverT-reported that the aide was thrownforward from her seat at impact into
the stairwell of the passenger loading door. The driver's account appears
correct, because major forward deformation was found to the door's opening
hardware. That damage was also consistent with the serious (A1S 3) fractured
pelvis and moderate (AIS 2) lacerations sustained by the aide. It's unlikely
that the lapbelt's adjusted length of 22 inches would have fit the aide, who,.
according to medical records, was 65 inches tall and weighed 190 pounds. The
Safety Board believes the aide was unrestrained,

The 5-year-old passenger on the right side in the front seat next to the window
was reportedly wearing the static lapbelt available at his position. The
adjustment- of the lapbelt, however,- was probably very loose: the cinching
latchplate was 22 1/2 inches from the junction with the seat cushions. The
passenger's serious (AIS 3) closed head injury likely resulted from contact with
the lightly padded frame of the restraining barrier forward of this seating
position. Considering the contact points involved, severity of injury would
unlikely have changed with a properly adjusted lapbelt.
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The 4-year-old passenger on the left side in the second seat 'next to the window
was also wearing a lapbelt with excessive slack: the cinching latchplate was
adjusted to 18 1/2 inches from the junction with the seat cushions. The
passenger received a moderate (AIS 2) fracture of his right lower leg, probably'
from contact with the lower framework of the seat in front of him. It is unknown
what difference a properly-adjusted lapbelt would have made. At 41 inches in
height, the passenger would have been decelerated entirely by the 2-inch-wide
webbing of the lapbelt; serious injuries might have resulted.

The 4-year-old on the left side in the second seat in the center nosition was
reportedly wearing a lapbelt. The latchplate was adjusted to 23 ' 'es from the
junction with the seat cushion, much too great a distance for effective restraint
of this 37-inch-high, 45-pound passenger.

The remaining passengers received minor (AIS 1) contusions, abrasions, and
lacerations. All were reportedly wearing the available lapbelts. Safety Board
investigators found, however, that .all but one of the lapbelts were adjusted
with excessive slack, for the passengers' sizes. Latchplate adjustment lengths
varied from over 18 inches to 25 inches. The single exception was the lapbelt
of 16-year-old aide. The latchplate adjustment length of 20 1/2 inches probably
provided some degree_of restraint to this person.

Driver

The driver was restrained by a lap/shoulder belt equipped with dual emergency
locking retractors, a sewn-in latchplate, and a stalk-mounted buckle attached to
the side of the pedestal seat. The driver received moderate (AIS 2) fractures of
three adjacent ribs on her left side and her maxilla, primarily from the
instrument panel and steering assembly crushing rearward into her space. She
also sustained multiple minor (AIS 1) contusions-and lacerations of her face and
limbs. Considering the intrusion into her compartment, the lap/shoulder belt
performed as well as could be expected. Had this driver been unrestrained,
greater injuries might have resulted.

_Notes.About the Accident

This small bus had no restraining barrier between the front seat on the left
side- and the driver's seat. An abbreviated metal panel, framed by lightly
padded tubular steel, was positioned between the front seat on the right side
and the stairwell; however, this barrier did not extend far enough forward in the
center of the' bus to prevent the *aide from traveling forward into the dm.
components. Some of the serious (AIS3) injuries sustained by the passc:igers in
the front seats might have been prevented had larger, padded barriers been
installed in the bus.

The floor of the bus forward of and underneath the driver's seat buckled from the
impact, resulting in the rearward rotation of the driver's seat at its top. The
rotation Alas beneficial to the driver, because it_moved_her rearward away. from
the collapsing structural components.

The lapbelts on the bus had pushbutton release latchplates and were anchored to
the seatframes.

137



.rt.

APPENDIX B

Perrysburg, Ohio
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Row 1F
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Contusion - for,ead
Contusion - left side of fact:
Abrasion - left leg
Contusion - left pelvis

Special Notes:
All lapbelts worn,
except the one worn by
ttte passenger in 3C,
were so loosely
adjusted relative to
the occupant's size
that they provided
little restraint.

The school bus shown
is reptesentetional only.
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Case No. 16 Safety Board Investigation No. CHI-86-H-5807
_ .

Location of Accident Interstate 294; outside Elmhurst, Illinois

Date and Time February 7, 1986; 2:30 p.m.

Description of School Vehicle Type A school bus: 1982 Chevrolet chassis with 23-
passenger vanguard body by American Transportation
Corporation

Type of Accident

Severity of Accident

Summary of Events

Left side impact, followed by secondary left sice
impact

Delta V unknown

A small school bus, equipped with restraints for all occupants, was transoortin.t
an adult aide and eight emotionally disturbed :tudents home fn.m school:

. Th

aide was the only unrestrained occupant. The driver lost control ef the vehicle
and swerved to the left, striking a section of eight unanchored New J,7rsey-style
concrete median barriers. The unanchored barriers were pushed out zif their
positions, allowing the bus to strike the end of the permanently aochored
section. Witnesses reported that as the boswas deflected to :Jic right, baci..

into traffic, it was struck near the rear axle cn the left side by a 1-481

St. Regis.

According to the aide, two of the students opened the right front passenger
loaang doorand exited onto the roadway foliewing_the.accident. One student-was
trapped betwe'm deformed seats .for a time, but all other passengers were either
evacuated from the bus by emergency personnel or were able to leave the bus
without assistance. The aide stated that she was not able to open the rear
emergency exit.

Contact damage occurred from the left front corner of Ihe bus back to the rear
axle. The sheet metal from the B pillar to the left rear axle wes peeled back to
the rear axle and extended well outside the original width of the bus. The left
side structural supports for the roof were torn away, allowing the roof on the
left side to collapse downward to near the tops of the seatbacks. The body of
the bus was torn loose from the chassis along the right side and across the rear.
The seats in this bus were attached to the sidewalls on the outboard ends and
supported by two pipe legs per seat at the inboard end. All four seats on tte
left side of the bus were torn loose from their outboard anchor points and
rotated counterclockwise. The left side modesty panel was displaced rearward to
contact the front seat on the left side.

The portions of the poststandard bus that contacted the exposed end of the
anchored. barriers_were badly damaged. Most of the left side to the rear of the e
pillar was torn Away, destroying the outboard anchor points for all of the left
side seats and exposing those occupants to greater hazards. Of the five

passengers seated on the left, four received moderate (AIS 2) to serioes (AIS 31
injuries and one -had minor (AIS 1) injurlies. Of the four seated on the right.
two were not injured, one had minor (AIS 1) injuries, and one had moderate
(A1S 2) injuries'.
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Outcome of Occepants of School Vehicle

130

Passengers

Of the 9 passengers, ages 9-to 21:

2 were uninjured,
2 sustained MA1S I (minor) injuries,

2 sustained MAIS 2 (moderate) injuries, and

I sustained MA1S 3 (serious) injuries.

All passengers except the adult aide were restrained by lapbelts. Passengers on.

the left side 'in the first two rows next to the window were. prevented Jrene

ejection by use of the lapbelts. Use of their lapbelts, however; resulted in

some head and facial injuries and did not prevent other serious injuries.

The lapbelted passenger on the left side )n the front seat next tc) the window

sustained 3 serious (A1S-3) injury. She was-seated-at the-beginning-of the major

intrusion. When the side of the bus and seat anchor points were torn away, this

passenger may have had direct contact with the barrier and the sheet metal. The.

frame for the restraining
barrier in front of her seat was found protrnding_baek

into her seating position. The fractueed femur was -probablycaused by eiteee

contact with the side wall as it was torn away or by the restraining barrier;.

it WAS pushed into her position. The fractured and the dislocated wrist like.:

resulted- from contact with the displaced components. Her concussion and :tic

minor facial injuries probably occurred as she-"jackknifed" over her lephelt: hee

head contacted the frame of the restraining barrier as it was moving back teward

her. Had she not been restrained, she could have been ejected because the

sidewall had been torn away. Had she been ejected, her injuries might have been

moreesevere. .

The lapbelted passenger on the left side front seat next to the aisle received 3

moderate (AIS 2) concussion and abrasions on her face. At impact, she also would

have "jaaknifed" forward, exposing her head to greater injury. She probably

struck.the frame of the restraining barrier in front of her. Recause she wae not

seated directly next to the area of impact,-she did not come in contact with the

sheet metal as it was tnrn away. Had she not been wearing the lapbeit, she would

have been-thrown forward into the restraining barrier and probably- still would

have received minor to moderate injuries. She could have been ejected but with

less likelihood than for the passenger on her left.

The lapbelted passenger sitting on the ieft side. in the second seat next to the

window was also in the area of major intrusion. She receieed open fractures of

the left tibia, right tibia, and femur (all serious, A1S 3- injuries), which

probably contacted the moving sheet metal and possibly the concrete barrier. !he

closed fracture of her left femur could have resulted when the seat in front

of her pushed back into her seating area.- She could have been ejected and

sustained even more serious injuries had she not been wearing the lapbeit.

The lapbelted passenger on the left side in the third seat next to the window

received A fractured left femur and a closed head injury that left him

unconscious for more than an hour (both seriuds, A1S 3 injuries). Ne was in the

area of major impact, and sheet metal from thd side had been Pushed back to hiS

seat. His head injury probably occurred as hd violently pivoted forward from the

140



131 APPENDIX 8

hips over the lapbelt and strucle the back of the-seat in front of .him. The'

fractured left femur could have resulted from the displaced metal around him. He
probably would not have beea ejected had he .been unrestrained because he was not
next to the opening. Without the restraint, he probably would have received sone
minor to moderate iejuries, but his head injury probably would not have been as
severe: the impact forces would have been more evenly distributed over his
entire body rather than concentrated on his head.

The lapbelted passenger on the left side in the last seat next to the window was
just-beyond the area of major impact. His injuries were not serious: a

laceration on his scalp and on his left leg. Had he not been wearing the
lapbelt, he probably-would have received some minor injuries.

Two laebelted passengers were or the right side in the front seat, The passenger
next to the-aisle was uninjured, and the one next to- theewindow received cAly
abrasions. These passengers were seated out of the area of intrusion and impact.
Had they not. been wearing the la0belts, they might have received soMe-minor
injuries.

No injuries were reported fer the laphelted passenger on the right side in the
second seat next to the window. Because sheins nOte in- the area Of intrusion,
she was not exposed to the deforming sheet metal. She might have sustained some
minor injories had she not been wearing the lapbelt.

A 21-year-old aide was on the right side in the third seat next to the window.
ene of her duties was to make certain that all of the students were wearing their
lapbelts. Although she stated that she was wearing the available-lapbelt, she'
also stated that she fell onto the floor, which resulted in a dislocated left
shoulder. _Safety kard investigators determined that an occupant in that seating
position could not have- fallen to the floor, even with an improperly-adjutted-
lapbelt. A properly worn liObelt might have prevented the dislocated shoulder,
but moderate injuries could still have resulted.

Driver

The driver, restrained with a lap/shoulder belt, received
concussion. Even though he was in front of the area-of
collapsed above him and probably came into contact with his
concussion. Without the restraint, he probably would have
and to.the left, sustaining minor to moderate injuries.
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Case No. 17 Safety Board Investigation No. NYC-88-H-S808

Location of Accident Route 113, West Pikeland Township; Chester County,
Pennsylvania

Date and Time February 26, 1988; 8:10 a.m.

Description of School Vehicle Type A school bus: 1983 Ford chassis with
22-passenger Busette body by Wayne Corperation

Type of Accident Head-on collision, followed by secondary left side
impact

Severity of Accident, Delta V unknown

Summary of Events

A small school bus, equipped with lapbelts for all occupants. was transporting
eight students and the driver's 3-year-old son.to school on a two-lane highway,_
Four of the nine passengers were restrained by-lapbelts. and the driver.wle__
wearing a lap/shoulder belt. As the small school bus traveled southbound, it was
struck in the front by a northbound truck that was out of control and
overturning. The initial impact was followed by a secondary impact at the left
side of the school bus'as the truck rotated counterclockwise.on its right side.
The collision sequence pushed the school bus rearward for several feet before it
came to rest on tne west shoulder against a metal guardrail. Four vehicles were
involved ir this accident; however, only the truck collided with the school bus.

The driver of a passenger carAnvolved in the accident entered_ the_school bus
through the rear emergency door, released several of the students' lapbelts, and
'assisted the students with minor injurits from the bus. -He was assisted iv
passing motorists. Both the fatally' injured and the critically injured
passengers were left onboard until evacuated by emergency rescue personnel. The
driver was trapped from a massive structural collapse at_her seating position;
the right front passenger loading door was jammed by crush damage. The driVer
waS freed after several hours by fire rescue personnel.

The front structure of the poststandard school bus was destroyed, with more than
41 inches of rearward co;lapse at the left front. Additionally, the left side of
the bus body was crushed.24 inches inboard at the second and third-rows of bench
seats.

The integrity of the passenger compartment was affected by the structural
collapse. The forward roof area and left side A pillar were pushed rearward and
down into the driver's compartment, and -the instrumentpanel and steering
assembly were pushed rearward toward the driver's seat. Buckling of the floor
occurred in the forward area of the bus; The support leg of the righc modest
panel Wal displaced from its lower mounting bracket, and the wall mounting
bracket for the panel was partially displaced. Control components for the right
front passenger door were deformed, .caused by occupant contact and structural
collapse. The inboard collapse of the left side of the bus resulted in

substantial deformation to the seatback and frame assemblyl of the 'second and
third bench seats on the left side.
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Outcome of Occupants of School Vehicle

134

Passengers

Of the 9 passengers, 8 students and the driver's son, ages 3 to 18:

7 sustained MAIS i (minor) injuries,'

1 sustained MAIS 5 (critical) injuries that proved fatal

1 sustained MAIS 6 (maximum injury, virtually unsurvivable) injuries

that preyed fatal

Four of the passengers were wearing the static lapbeits available at their

seating positions. The lapbelts 'were mounted to the individual seat frames and

were furnished with pushbutton release beekles. An inspection revealed that one

of the lapbelts in use had been altered by the school district; the alterations--

which compromised the belt--did not, however, affect the outcome of -injury:

Another lapbelt not in use also had been modified._

Six nf the passengers received only minor (AIS :) contusions, abrasions,

lacerations, and strains. Of that number, theee were restrained.and three were

--unrestrained. All were seated behind the front seats Ande_thus _were afforded

compartmentalization by the high backed, padded seats in front. uf their

positions.

The other passenger with minor injuries was the 3-year-old son of the driver
seated directly behind the driver on the front bench seat next to the window. An

attorney for the child's family indicated that the driver had lapbelted him in

seat 45 minutes before the accident. A witness found the boy on the floor behind

the driver's seat when the bus 'was entered only seconds after the crash..

Examination of the latchplate-portton of..the belt revealed that the cinching type

latchplate was adjusted to 26 1/2 inches from its anchor point on the seat frame,

and that the belt was tucked into the area between the seat cushion and the seat

back. Rased on this evidence, Safety Beard investigators determined that the
child was not wearing the lapbeit at the time of the crash. Given the minor
injuries sustained by this- child, neither restraint use nor a padded modesty

panel could have improved the outcome. The child's forward traiel was contained

by the rear of the driver's seatback, thus allowing him.to decelerate into a

"friendly surface.

The two fatally injured passengers were seated next to each other on the right

side in the front seat. The 7-year-old next to the windcw and wearingea static
lapbelt received AIS 6 injuriei from contact with an Abbreviated modesty panel in

front of his seating position. _He died from these injuries. An unrestrained 17-

year-nld, in the center of the seat, received critical (AIS 5) injuries, which

a110 were fatal. The 17-year-old struck the left side of the modesty panel

while moving forward and to. the left; the amount of barrier- deflection is

unknewn. He was found in the stairwell; Safety Board investigators determined

that after striking the left side of the restraining barrier with his right leg,

he ptvoted around the barrier and continued forward. He hit the boarding door

control, fracturing his left leg, and continued into the windshield header where

he sustained a fatal head injury.
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135 APPENDIX 8

The 7-year-old seated next to the window probably jackknifed over the lapbelt

and struck the left side of his head and neck on the tubular frame of the srodesty

panel. He sustained a lacerated larynx, a fractured and dislocated cervical

spine, crushed spinal cord, and brain hemorrhage. The modesty panel was about 11

1/2 inches shorter than those installed in large, poststandard school buses; it

was also much-1,wer.

Driver

The lap/shoulder belted driver received severe (AIS 4) injuries, all resulting

from the collapsed structure surrounding her seating position. Given the extreme

intrusion that occurred, the driver might have been fatally injured had she not

been restrained by the lap/shoulder belt.-

Notes About the Accident
_

This small bUs wat- furnished.with a_lightly padded stanchion post and horizontal

bar, at the level of the driver's seatback top, between the front seat on the

left side-and the driver's seat. There Was no modesty panel on the left side.

An abbreviated modesty panel was located on the-right side of the bus-, placed

between the front seat and the stairwell. This barrier 40 suri-dunded by a

lightly padded, tubular steel frame.

Examination of the lapbelts installed at the left front window seat' and the.

second right window seat revealed that both had been altered. The webbing for

the buckle side had been shortened by looping the belt over, making a hole

through the webbing, and then remounting it to the seat frame. These altered

lapbelts were used to restrafn smaller and younger students after parents had

commented to the school aboutiJw_difficillty.in properly adjusting the belts

around smaller children. The after-market alteration, performed by employeet of-

the school district, was not consistent with mOunting guidelines outlined in

FMVSS 209, "Seat Belt Assemblies.°
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Cnester Co . Pennsylvania
Case Number 17
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Case No. 18

Location of Accident

Date and Time

Description of School

Type of Accident

Severity of Accident

/ Summary of Events

A small school bus transporting four Head Start students home from school was
Crossing an urban intersection when it was struck at its left rear tire .by a 1979

Volkswagen_ Rabbit. The four passengers were restrained by the avail-able

lapbelts; the driver was wearing a lap/shoulder belt. After impact, the van

rotated counterclockwise about 450 before slowly overturning onto its right

side and coming to rest.

The driver reported that a passerby released the passengers from their lapbelts
and assisted the children out of the van through the.rear emergency exit.

The collision_ produced some slight sheet metal deformation at the left rear of
the van and also some scrapes on the left rear wheel 'rim: The only other damage

on the van resulted from the 900 rollover. The mirrors and-some of the metal
joints on the right side had been deformed. No e4idence of any interior damage

was foum:. The poststandard van neld up well in the collision and rollover. Most

of the repair cost was to fix damage to the bus that resulted from the tow
truck righting the bus after overturn.

137 APPENDIX B

Safety Board Investigation No. LAX-87-H-SB03

Intersection of Escondido Avenue and Pala Vista
Drive; Vista, California

December 3, 1986; 1:15 p.m.

Vehicle Type A small school bus: 1985 Chevrolet chassis
with 20-passenger Micro-Bird body by Blue Bird Body

Company

Left side impact, followed by rollover (900)

Delta V unknown

Outcome of Occupants of School Vehicle

Passengers

Of the 4 passengers, age 4:
4 were uninjured.

The driver and a witness confirmed that all four passengers were wearing the

available lapbelts; the passengers' seating positions were unknown. All

passengers reportedly were uninjured, but the Safety Board was able to locate and

interview only .one. The passengers may have been bruised. Because seating

positions were unknown, the Safety Board could not analyze the value of

lapbelts in this crash. For example, had the passengers been seated on the
right side of the bus, the side that impacted the ground, the outcome of injurie
would have been the same, regardless of lapbelt use.
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Driver

138

The driver of the van was wearing a lap/shoulder belt and received no injuries_
Had the driver not been wearing the restraint, she might 1.!ave been injured as the
van rolled to its- right side. She would have fallen out of her seat, hit the
gear box, and fallen to the right side into the stairwell. The driver's
environment is more 'hostile" than that of the passengers because no containment
is provided.

Notes About the Accideni

There was no barrier between the driver and the front passenger seat on the left
side. On the right side, between the door stairwell and the front seat, was a
Metal modesty -panel and stanchion. The cross support bar and stanchion were
lightly padded; the panel itself was bare metal. In a frontal_crash, . these
design aspects could significantlyaffect injury outcome of both unrestrained and
restrained passengers.

1
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Vista, California
Case Number 18
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Case No. 19

Location of Accident

Date and Time

Description of School

Type of Accident

Severity of Accident

140

Safety Board Investigation No. FTW-85-H-0R20

Intersection- of Groos Street at Hermitage Street;

San Antonio, Texas

February 5, 1985; 3:25 p.m

Vehicle Type A small schoot bus: 1981 Chevrolet chassis
with 20-passenger Busette body by Wayne Corporation

Left side.impact,_followed by rollover.(909

Delta V 11.5 mph, followed by rotation,

then by slow rollover

Summary of Events

A small-school bus, equipped with lapbelts for all occupants, was transporting

seven handicapped students and an-aide home from school on a two-way residential

street. All- occupants were -restrained. A 1978 Ford F-150 pickup truck (4,300

pounds) ran a stop sign and collided into the left side of the school bus. The

school bus rotated 700 counterclockwise, continued another 34 feet before

striking the concrete curb with its right rear tires, and turned over Onto its

right side. The school bus then. slid 31 feet before coming to rest.

The driver of the school bus related that unidentified persons opened the rear

emergency exit door and assisted in evacuating the passengers. This assistar,ice

-was reportedly providedquickly, with only one passenger-havifig time-to,-release.

his lapbelt independently. One passenger's parent reported that the-boy, ex-cited

by the rescue efforts, released his own belt and fell from the high side of the4`z,

overturned bus into contact with the lower side seats; facial rbrasions resulted.

No other difficulties during evacuation were reported.

The-poststandard bus received moderate damage on the left side near the rear dual

wheels and moderate damage-on the right side:where the bus slid on its side.

Much of the daMage occurred during the rollover. Several-df the interior seat

cushions were displaced into the aisle during the rollover sequence. Another

seat-cushion; although it remained on the seat, was completely freed from its

mounting brackets.

The integrity of the passenger compartment was not affected by impact or

rollover,-and the rigid framework pl.aced to protect the fuel tank performed as

designed by preventing any penetration to the tank.

Outcome of Occupants of School Vehicle

411.1.22Prl

Of the 6 passengers, an adult aide (age unknown) and 7 students, ages 3 to 10:

4 were uninjured, and
4 sustained MAIS 1 (minor) injuries.
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All passengers reportedly were wearing the lapbelts available at their seating
positions at the time of the crash.

Injuries, if sustained, were minor (AIS 1), and primarily occurred during the
rollover. Restraint use was of greatest benefit during the rollover, especially
to passengers seated on the left side of the bus: they were not flung to the
right side when that side contacted the ground.

Driver

The lapbelted driver received moderate injuries: AIS 2 contusions on.her face
when she contaCted the rearview mirror, -and AIS-2 contusions on her abdomen
induced .by the lapbelt. She also sustained AIS 1 contusions on her shoulder and
.arm from- contact .with the steering wheel and oR her wrist from contact with the

door'control.

The lapbelt was equipped with dual aatomatic retractors. From the appearance and

length of damaged webbing on the latchplate side of the system, the retractor
apparently ellowed .5,to 6 inches of webbing to spool out. The driverrreported
she slipped off her seat but remained-suspended by restraint webbing.

Had a three-point lap/shoulder belt been available and used, the driver's
injd-ries would have been reduced. Had she not used the lapbelt, her injuries
would probably have remained the same, or been less serious because her upper
torso would not have pivoted forcefully over the iapbelt. The lapbelt-induced
abdominal contusions caused the driver to miss 48 days of work.

Notes-About the Accident--

This small bus was furnished with a lightly padded stanchion post and horizontal
bar, at the level of the driver's seatback top, between the front seat on the
left side and the driver's seat. The left side had no restraining barrier. An
abbreviated restraining barrier was located on the right side of-the bus, placed
between the front-seat and the stairwell. The barrier was surrounded by a lightly
padded tubular frame.

The driver and all passengers were restrained according to school district
policy. The driver told Safety Board investigators that she normally did not wear
a seatbelt in her private vehicle but did follow the district's policy while on-
the job. Responsibility for enforcing the policy is shared by to the driver
and by the aide who is furnished for each bus.

The lapbelts on the bus had pushbutton release latchplates and were anchored to
the seatframe. Leading marks were found on some the lapbelts to substantiate
use.

The driver told police that she -had suStained minor injuries; this informatiam
was entered in the police report. These "minor" iniuries resuited in the driver
losing weeks of work. Ddring an interview conductathe second day following the
accident, Safety Board investigators determined that the driver had sustained
moderate or greater injuries.
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San Antonio, Texas
Case Number 19
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Case No. 20

Location of Accident

Date and Time

Description of School

Type of Accident

Severity of Accident

143 APPENDIX

Safety Board Investigation No. ATL-87-H-5817

North Indian Creek Drive.;.C%rkston, Georgia

May 8, 1987; 3:00 p.m.

Vehicle Type B school bus: 1982 Chevrolet chassis with 18-
passenger Cadet body by Carpenter Body Works, Inc.

Multiple impacts: head-on collision, followed by
rear-end secondary collision

Delta V unknown .

Summary of Events

-.A small school- bus was transporting five deaf studentS. to their homes. The
driver and all passengers were reportedly wearing the lapbolts installed on the

.bus. As the bus traveled northboun.j at a driver-estimated speed .cif 10 mph, a

southbound 1-Aon truck veered across the centerline_and struck the.bus
Following this collision, the bus was struck in the rear by,a"28-nassenger school
bus. The second collision did not produce passenger injuries.

Information on evacuation is not available.

The poststandard school bus received damage primarily to its front structure:
the front bumper, right side frame, grill, hood, and radiator were deform-ed. The
interior of the bus was undamaged.

. Outcome of Occupants of School Vehicle

passengers

Of the 5 passengers, age 6 to 11:
2 were uninjured, and
_3 received (minor) injuries.

The passengers were restrained by static
release buckles.

lapbelts equipped with pushbutton

The passengers who received minor (AIS 1) injuries were reportedly seated in the
two front seats and the second seat on the left side. Information on specific
seating positions, injury descriptions, and restraint adjustment is not
available. The seating positions of Ahe two uninjUred passengers is not
available. Use or nonuse of lapbelts in this relatively low sped collision
likely had little effect on injury outcome for the passengers. All passengers
had the additional benefit or well-padded barriers, either restraining harriers
or seatbacks, in front of their seating positions.
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Driver

144

The driver of the school bLis was restrained by a lapbelt and received
(AIS I) contusions and abrasions about her abdomen, shoulder, and limbs.

Notes About the Accident

This school bus was equipped with padded restraining harriers in front of tie
first row of seats.

The lapbelts provided for the student passengers were mounted to the snatfrares
and passed between the upper and lower seat cushions, Pushbutton releas buckle:-
were furnished.
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Clarkstcn, Georgia
Case Number 20

Heavily padded
modesty panel

_Driver
F-44, MAIS 1

Injured passengers
(all wearing lap beltsl:
F6, MAIS 1
F-s, MAIS 1
F.11, MAIS 1

145 APPENDIX B

Principal Direction
of Force

Heavily padded
modesty panel

Uninjured passengers:
seating positions unknown
lag wearing lapbeltsh

. M-9, MAIS
M;6, MAIS 0

v. I.

/V.

e A.'

w

A".0
4f.fr40

AA'
.11,1. Abe.

aS %.

5 4 C.14.
411.01 Y....,
Ur.40"114 ,.on
Sao !a:4 4 V4,.. oa

40.1441. 60, 0.4+ 40Wi rd VI 4S1
155

_Special Notes:
Seating pattern for injurd
passengers is known, but
not the specific locations
of the individuals,

1

The school bus shown
is repcssentationst onty



APPENDIX 146

Case No. 21 Safety Board Investigation No. NYC-87-H-S801_

Location of Accident West Oak Hill Road; Williston, Vermont

Date and Time November 21, 1987; 7:50 a.m.

Description of School Vehicle Type B school bus: 1979 Chevrolet chassis with 18-
passenger Mini-Bird body by Blue Bird Body Company

Type Of Accident Multiple collision: sideswipe, followed by head-on
impact

Severity of Accident

Summary of_Events

A-small school bus, transporting three learning-disabled students to school, was
traveling at a driver-estimated speed of 30 mph on a two-way, snow-covered road.
The driver and two of the three passengers were restrained irtstme fashion: -A
1984 Chevrolet Citation, traveling in the -opposite- direction, crossed the

centerline and sideswiped the left side of the-bus. The bus then veered to the
right, left the road, and struck a.tree head-on before coming to rest.

After the crash, the passengers remained in their seats until checked by

ambulance personnel. The bus driver then unlatched the lapbelt securing the
child safety seat used to restrain one passenger and carried the child, still in

_his safety seat, from the bus._ lhe driver also unbuckled the other restrained
passenger from her lapheit; thirOissengiFand the-Unrestrained passenger exited
through the side door.

The left front corner of the bus had an inward crush of 10 Inches. The front
left side of the body was deformed toward the center from 3 to 5 inches. Damage
from the tree was found near the center of the front of the bus where-the bumper
was pusheo back 6.5. inches. .All window glass was intact.

The poststandard school bus performed well. Damage Was confined to the exterior
body panels and front bumper.

Delta V estimated at 10 to 15 mph for head-on
impact

Outcome of Occupants of School Vehicle

bEilnler;

Of the 3. passengers. ages 4 to 15:
3 were uninjured.

Two of the three passengers were restrained": one in a Chtld safety seat and one
by a static lapbeit. Determining the value of restraint use is difficult

because all passengers were uninjured. The passenger in the child safety seat
probably benefitted most from restraint use because he was not throw0 forward
into the restraining barrier or onto the floor. Use or nonuse of! lapbelts
probably had little effect on the injury of the other passengers.
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-Driver

The only injured occupant in the bus was the lapbelted driver who received a
minor abrasion (AIS I) on the right side of his hip, most likely caused by the
lapbelt.

NoteS About the Accident

The lapbelts on this bus were an aftermarket addition by the schooi district.
Safety Board investigators determined that the lapbelt used by the passenger in
the second- seat on the right side was installed and used improperly. The
webbing with the buckle end was anchored to the wheel well instead of the floor.
The wheel well Was much-higher than the floor, adding 9 inches of extra length
and preventing the belt from properly fitting the child. Te take up the slack,.
the-driverThad knotted the belt webbing. Had this collision been more violent,
the knot might have caused an injury because the passenger would have
'jackknifed" overAhe belt and the knot. The child safety-se-at was also secured
with a knotted laOlaelt.
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Williston, Vermont
Case Number 21
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Case No. 22

,Location of Accident

Date and Time

149 APPENDIX B

Safety Board Investigation No. ATI-_86-H-S804

Intersection at Wautuga and Cascade Drive;
Greensboro, North Carolina

January 14, 1986; 3:30 p.m.

Description of School Vehicle Type B school bu,s: 1980 Chevrolet chassis with 20-
passenger Mighty Mite body by Thomas Built Buses.

The bus had been reconfigured to 10-passenger

capacity,

Type of Accident _Right side impact, followed'by rollover (900)

Severity of Accident - Delta V unknown (bus speed estimated at 25 mph;
and-car speed estimated at 5 mph)

Summary of Events

A sChOol. bus, transporting six students (some mentally disabled, others

physically disabled) and a driver's aide, was traveling on an urban street. -All

but one of the occupants were restrained in some fashion (restraints included a

misused harness, secured wheelchair, and lapbelts). As the bus crossed an

intersection, a 1980 Oldsmobile 98 sedan struck the.bus on its right side. The

right rear dual' tires of the bus rode up over the front of the car, lifting the

bus uR and starting the clockwise rotation of the bus as it continued to travel

away from the impact. After a 950 clockwise rotation over 60 feet, the bus

overturned onto its left side and came to rest.

_ .

The driver unlatched her lapbelt and began to organize the evaduatibn,' assisted

by the aide. Paramedics, the driver, the aide, and an unidentified passerby

assisted some of the students to release their restraints; the two students on

the right side of the bus remained suspended for only i few minutes. The rear

emergency door -was easily opened by a passersby; all entries.and exits were made

through.this door during the rescue.

The poststandard School bus received minor exterior damage on its right side and
moderate damage to its drive axle. Minor buckl int-4- of the interior roof occurred

at the left side; however. no panel separations occurred.

Outcome cf Occupants of School Vehicle

Efusengers

Of the 7 passengers, a 39-year-old aide and 6 students. ages 5 to 13:

1 was uninjured,
5 sustained MAIS 1 (minor) injuries, and

1 sustained MA1S 3 (serious) injuries.
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Six of the sevenPassengers were restrained in some fashion:- the unrestrained

passenger was the driver's aide who was squeezed onto the third seat on the

-right side, which was already filled to capacity, so she could assist the

handicapped student seated next to her. Because the aide was not in a designated

seating position (the bench seat was designed for only one person), no lapbelt

was-available for.her. The unrestrained aide received the most serious (MS 3)

injuries: a displaced fracture of her right wrist, which occurred when she

struck the left side of the bus, possibly contacting the wheelchair secured to

-the left side, as the bus overturned. She also sustained abdominal trauma that

threatened her pregnancy.

Of the six passengers who were restrained, four Were secured by lapbelts, one was

secured by the upper torso straps of an E-Z-ON vest.and lapbelt, and another was

in a special wheelchair equipped with-several straps. The wheelchair was

secured by two lapbelts.

The lapbelted passenger on the left side in the front row next to the window was

reportedly not injured. The lapbelted passenger on the left sideenext:e to the

Window in the second seat:received minor injuries:- a small bruise on left knee

from contact with the side wall.or another passenger. The lapbelted passenger on

-the left side in the. second seat next to the aisle received a small abrasion on

the left side of his abdomen from the lapbelt. Passengers on the left side of-
the bus prebably received less benefit from their restraints duringethe rollover

than those seated on the right side: the bus came to rest on its left side.

The passenger seated on the right side of the bus in the second seat was
restrained in a special harness, an E-Z-ON vest, but the harness was improperly'

used: Although designed to be secured to the floor by four loops, only the two

upper loops were secured. The available- lapbelt was used instead of the other

attachments. The passenger received a minor injury: a small bruise on his right
forehead from -hitting the seatback in front of him. -Hadhe not_been restrained,
he would have been thrown to the left during the rollover and probably could have
received additional minor injuries.

One passenger was in a special wheelchair secured to the third seat on the left
side with specially -adapted straps. The passenger was severely disabled and could

.not silor hold his head erect: the restraint device was necessary to keep the

-Passenger in-an upright position. He received a minor contusion: a bruise on

his eyelid, Had he not been restrained, .he could_have received additional

injuries.

The lapbelted passenger on the-right side in the third seat next to the -window

received minor injuries: small bruises to her thigh from flexing over the

lapbelt, and a lower leg eorasion from contact with the seatframe. Had she not

been restrained, she might have fallen to the left during the rollover and

received other injuries.

arier

The lapbelted driver received multiple minor (AIS 1) bruises and abrasions from

contact with the steering assembly, -interior sidewall, and window area. The

lapbelt-induced deep bruises on her left hip at the groin indicated that the

impact was. forceful. She also complained of soreness in her beck and headaches.
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Notes About the Accident

APPENDIX B

The school bus had been reconfigured for the transportation of disabled students;
its original 20-passenger seating capacity was reduced to allow only 10 bench
positions. The design left space at the extreme left rear for securing one
conventional wheelchair. Three bench seats, all 26 inches wide, were installed
on the right side of the bus; three 39-inc5-wide and one 26-inch-wide seats were
installed on the left side. The reduced width of the seat at the left rear
position allowed greater access to an automated wheelchair lift installed on the
right side of the bus.

The improper inifallation of the E-Z-ON vest did not result in injuries in this
accident but might have in other accidents. Extrapolating injury outcome of a
passenger in a specially designed harness or wheelchair restraint from the
outcome of a passenger in a conventional restraint, such as a lapbelt, cannot be
done with certainty.
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Greensboro, North Carolina
Case Number 22
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Case No. 23 Safety Board Investigation No. FTW-83-F-H001

Location of ACCident Colonel Glenn Road; outside Little Rock, Arkansas

Date and Time May 2, 1983; 3:50 p.m.

Description of School Vehicle Type B school bus: 1981 Chevrolet chassis with 15-
passenger Cadet body by Carpenter Body Works

Type of Accident 4ead-on collision followed by rollover (900)

Severity of Accident Delta V unknown (bus speed at impact was about 30
mph; pickup speed at impact 20 mph)

Summary of Events

A small -sChool..bus, equipped with lipbelts for.all occupants, W3S transporting-
five physically handicapped students from school. Four of the five passengers and

the driver were restrained. The bus was traveling 30 mph in a teavy rain on a
two-lane road.-- When the bus approached a soarp.right curve, the driver applied
-the brakes; the rear began *to sideslip,--and the bus rotated clockwit,e out of

control. The school tus *slid across the road center and collided right front to

right front with a 1977 Chevrolet pickup truck. The collision pushsd the pickup
truck back And caused it to rotate 450 clockwise. As the bus forced the pickup
rearward, the right front wheel of-the bus overrode the right front wheel of the
pickup, causing the bus to lean to the left and overturn slowly onto its left

side.-

Evacuation of Ihe schoot bus went smoothly, although the pasengers had never

practice:if evacuation. Two -114S-Sengers reqUired assistance 'rele-asilig- thEar

lapbelts: One student was- hanging from the upper side of the bus and Was
reluctant to release his latchplate until the bus driver was there to cushion his
fall; another student needed assistance to walk, so he waited for help. After

assisting the passengers, the driver opened the emergency door, and the

passengers helped each other out. A passerby held the door open.

The -right front- corner of-the poststandard school bus- was crushed rearward a
maximum.of 28 inches, and the crumpled metal extended rearward to the side exit

door. This door was jammed and the students were evacuated through the rear
exit, which was_not damaged.

No interior damage occurred.

Outcome of Occupants of School Vehicle

Passengers

Of-the 5 passengers, ages 14 to 18:

2 were uninjured, and
3 sustained MAIS I (minor) injuries.
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Four of the five passengers weri wearing lapbelts.

Two of the four pass'engers .wearing lapbelts and the unrestrained passenger

sustained- minor (AIS I) contusions -and abrasions. - Lapbelt use made little

difference in this'accident: both.restrained and unrestrained passengers received

minor injuries. Both of the uninjured passengers, however, were wearing

lapbelts. No student complained of soreness from the lapbelt.

Driver

_The 35-year-old lapbelted driver received miner (AIS 1) contusions to her hip,

aitributed to the lapbelt because she was suspended by the webbing before

releasing the belt. The use of the lapbelt likely helped to reduce the number

and severity of her injuries.

Notes About the Accident

This bus was equipped with 39-inch-high restraining barriers in front of both

front row seats.
_

The bus was transporting a dear-mute pass:Inger and a passenger who, although able

to move with crutches, normally used a wheelchair. All passengers were seated on

the bench seats-at the time of the accident; no passenger was in a wheelchair.
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Case No. 24
Safety Board Investigation No. N7C-86-H-SB04

Accident Location Intersection of Port Washington Boulevard and

Bonnie Heights Road; Flower Hill; New York

Date and Time
January 24, 1936; 8:45 a.m.

Description of School Vehicle Type B school bus: 1979 GMC chassis with

14-passenger Coachette -body

Type of Accident

Severity of Accident

_

Rear-end collision, followed by rollover (90°)

Delta V uNknown- (bus was just accelerating from

stop.).

Summary of Events

A small- sChool bus was transporting .three preschool and' elementary students Ao

school. Two-of the three passengers were-sharing a substandard belt. The School

bus stopped at_an intersectiOn
and--then proceeded across.a four-lane, two-way,

divided highway when_it was struck in the right rear by'a'passenger car. At

impact, the,school bus rotated clockwise and rolled oi/er onto its left side.

After the schoolbus came to rest, the driver unbuckled his belt and went to the

passengers. The-unrestrained-boy
was lying on his left side by-the window frame

and ceiling, conscious and alert. The driver unbuckled the belt shared by the two

other children; they were also conscious and alert and remained calm. They stood

up on their own and tht-driver assisted
the-passengers.out of the rear emergency__

exit.

The body of the poststandard
school bus remained relatively intact; however. thn

left side of the body, from the windows to the roof, was displaced inboard about

1 inch. The padded restraining barrier and the three rows of seats behind the

driver's seat abutted the sidewall because of this displacement. One ceiling

seam separated in two places; the separations were 6 inches long and one-fourth

inch wide. The windshield cracked and was dislodged from its frame. The doors__

on the right rear for the wheelchair lift were rendered inoperative.

Outcome of Occupants of School Vehicle

Ilasignata

Of the 3 passengers, ages 5 to 6:

I was uninjured, and
2 sustained MAIS I (minor) injuries.

Two of the passengers were
restrained by one large, substandard form of seatbelt,

jury-rigged in the bus (see description of belt under "Notes About the

Accident"). These passengers were seated on the left side in the frent seat at

the window and center positions. One received a bone bruise (AIS 1), and one was
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uninjw-ed. Use of the substendard belt unlikely affected their infUry -outcome
because of their proximity to the side onto which the bus rolled. The nature.of
the substandard belt, however, increased the chance .of greater injuries. The
passenger on the left side in the front seat next to the aisle was unrestrained;
he received a minor laceration (AIS 1) to his chin from the window frame. Had
he been restrained, his injuries probably would have been about the same because
of the dynamics of the bus and his close proximity to the side onto which the bus
rolled.

Even if all of the passengers had been restrained by properly installed lapbelts,
injury outcome would not have improved over the minor to no injuries that were
actually sustained.

The lapbelted driver received minor (AIS-1)injuries. The contosions to the
driver's.left shoulder could have been caused by theclockwise rotation of the
bus when it was stuck in tne right rear or by the driver striking the left
.inside wall of the bus ar: it overtorned onto its left side.

Notes About the Accident

The jury-rigged restraints, erroneously reported to be.lapbelts, were installed
by employees of the bus company, not the school bus manufacturer. Bus company
'policy for the last 5 years states that the driver is to fasten the belt around
prekindergarten passengers and to suggest to kindergarten and older passengers
that they wear the belt.

Each of the six passenger seats had a 29-inchtall seathack, Only two belts were
provided: for the first and third-seats on the left side. Both improvised belts
created potential injury-producing hazards.

The belt on the front scat was-made up from two sets of lapbelts j9ined together
by two metal plates, each about 7 inches long, and four bolts, each about 1 3/8
inches long. The belt was looped around the Junction of the .seatback and seat
cushion rather than anchored_to.the floor or seatframe. The installation allowed
up to three children to be restrained by the belt. The exposed metal plates and
protruding bolts presented a hazard for any occupant coming in contact with. them.
A passenger restrained-by the device would -probably sustain a serious -injury
during a crash if the bolts and plates were in front of or alongside the

passenger's torso.

The device on the third seat had been installed in a manner similar to the one on
the front seat. It consisted of two belts: one wrapped horizontally around the
seatbick about 8 inches above the top of the seat cushion, and one looped around
the cushion. The looped belt, with padding stitched to it, served as .the
lapbelt. This device also compromised the safety of an occupant Testrained by it.
The lap portion of the belt would fit around the upper torso, not low and across
the hips. Because the lap portion of the belt wrapped around the belt on the
seatback, it could slide to the inboard and outboard position; of theseat.
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According to the label on the belts, the webbing latches and buckles conform to

Federal Motor Vehicle Safety Standards 209 and 302. Neither of the belts however,

conform to the Federal standards. For example, FMVSS 210 stipulates that

"anchorages for-an individual seatbelt assembly shall te located at least 6.50

inches apart laterally, measured between the vertical centerline of the hnit

holes"; the jury-rigged restraints were not anchored at all. Section 571.209 of

the FMVSS states that "a seatbelt assembly shall be designed for use by one, and

only one, person at any one time," and that the seatbeit shall be capable of

adjustMent to fit the occupant. The devices did not meet these requirements.

In the Society of Automotive Engineers book entitled "Motor Vehicles Seat Belt

Assembly Installations," section SAE-0800C states that attachment parts shall be

spaced laterally so that the lapbelt portion of the seatbelt assembly essentially

forms a "U"-shaped loop when in use. The standard states that in no case shall

-both-ends of one assembly be connected at the same anc!toracie or attachment point.



Flower Hill, New York
Case Number 24
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APPENDIX

INDEX TO AND CASE SUMMARIES OF SMALL SCHOOL VEHICLES
NOT BUILT TO FEDERAL SCHOOL BUS STANDARDS

Number of cases: 4

Type of accident: Nonrollover 3 _

Rollover 1

Case number Data

25

26

Wallingford, Connecticut
November 10, 1987
1985 Ford E-350, 15-passenger- van (not built_
to Federal school bus standards)

Frontal collision

Schaumburg, Illinois
-April 5-; 1985

1984 Ford 19-passenger Econoline van (not built
to Federal school bus standards)

Head-on tollision

Zedford, New Hampshire
October 1, 1985
1981 Opdge_Van Space Porter Custom SE (previously .used
(or afrport service; retrofitted to imefNiWkarip's-Kire
schooi bus standards; van not built to Federal school
bus standards)

Left side impact

28

fese

s,

23,

TT
;S:i

*1980 Ford Superwagon, 15-passenger vanlnot. buiit
to Federal school bus standards)
Noncollision rollover (7200)

17 8



165 APPENDIX 0

Case No. 25 Safety Board Investigation No.: NYC-88-H-S804

Accident Location. Durham Road; Wallingford, Connecticut

Date and Time November 10, 1987: 2:45 p.m.

Description of School Vehicle 1985 Ford E-350, 15-passenger van (painted blue,

not school bus yellow). The van was not built to

Federal school bus standards.

Type of Accident . Frontal collision

Severity of Accident Delta V 13 mph

Summary of Eventt
_

A Ford- v:n being used as a school 'vehicle was transporting 14 passengers (an

adult aide and 13 junioe high school students) hume from school on a rural road.

Some form of belt system was available at each seating position, but at least

.
four passengers ind the deiver were unrestrained. As the van entered a left

curve, a 1972 Chevrolet dump truck, traveling in the opposite direction, lost

control on the snow-covered road and crossed into the van's lane. The dump

truck, which was rotating counterclockwise, struck the left front of the van with

its left side. Impact forces caused the dump truck's load of hot asphalt to

spill onto the van's roof and into the van through the broken side windows.

Of the 14 passengers, 13 safely evacuated the bus. The passenger seateci

directly behind the driver was unable to release his lapbelt because hot asphalt

had spilled_onto his.seat, buryl_m_the_latchplate. lhe lapbelt was subsequently

.cut by the truck driver, and the student was freed, The unresteainki'dFiVer

the school van was trapped in the vehicle until extricated by rescue personnel.

The left front of the van was ruched rearward 17 inches and 13 inches rightward

at maximum collapse. The windshield-was fractured at the left A pillar,_ and the

driver's door and 1.he middle left side window were broken. The dashboard and

steering *eel -were puihed .iearward towardsthe driver's.sc.t. The roof buckled

rearward of.the B pillar__

Considering the difference in mass between the dump truck and the van. the van

performed well in the trash. Most injuries were caused by the spillAge of hut

asphalt into the van, not by the crath itself.

Outcome of Occupants of School Vehicle

WW1=
Of the 14 passengers, one adult and 13 students, ages 11 to 15:

13 sustained MAIS 1 (minor) injuries, and

1 sustained MAIS 2 (moderate) injuries.
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Of the 14 passengers, 8 were wearing lapbelts, I was wearing a lap/shoulder belt

available at his seating position, and restraint use for 1 was undetermined. The

adult aide was unrestrained.

The passenger wearing the lap/shoulder belt was seated in the bucket seat to the

right of the driver. The shoulder portion of the belt was equipped with an

emergency locking retractor; the lap portion was equipped with an automatic

locking retractor. The passenger received minor (AIR 1) injuries: nose

laceration from contact with the dashboard, firstdegree burns on top of his head

from hot asphalt, and contusionvs to midchest and right hip from the shoulder

harness. Hau this student not been restrained by the lap/shoulder belt, he

probably would have contacted the dashboard more forcibly and sustained more

serious injuries. _Information was not available on the adjustment of his

_lao/shoulder -belt; -some slack probably-was present in .the shoulder portion

beCause.he contacted the dashboard in this Delta V 13 mph collision.

The lapbelted passenger by the window in the front row of bench seats received

the-worst injury (moderate, A1S-2) sustained by a passenger: a fractured

cheekbone from contact with the door frame on-the driver's side, which was

dislodged during the crash. He also sustained minor forehead and lip lacerations

(AIS 1) from contact with.the-door frame and first-degree burns on hands and

upper legs from hot asphalt. Because the lapbelt offered no upper torso

restraint, it could not prevent his upper body from swinging forward at iopact

and hitting the door frame.

The lapbelted passenger seated in the middle of the front row received minor

(A1S 1) injuries: contusions on his left knee from contact with the seatback in

front of him and multiple minor burns from hot asphalt. The outcome probably

would have beeff-timilar had he beenunrestrained. ---

The adult aide seated next to him, on the right side of the front row, was not

using the available lapbelt and sustained minor (AIS 1) injuries: contusions on

her left shoulder, her chest, right knee, and left foot. If lapbelted, she still

probably would have sustained minor injuries.

The lapbelted passenger by the window in the second row of bencti seats sustained

minor-(AIS 1) contusions on her head, left knee, and shin-from contact willithe

seatback in front of her and first-degree burns on her chin and hands from

asphalt. Lapbelt use could-not prevent these injuries because upper and lower

extremities are free to flail about in a crash.

Lapbelt use al!, did not prevent the passenger in the middle of the second row

from ;training his left wist or from sustaining first-degree burns on his hands,

fore:ams, and left cheek from hot-Asphalt. LapbeTt use did not prevent the

passengar on the right side of the secuLd row from spraining his left ankle.

At least two of the three passengers on the third bench seat wore the available

lapbetts. The -passenger in the--middle claimvi to have been re:trained, _but

examination of the belt's iatchplate adjustment indicated that, if worn, the

webbing would have provided no restraint: the belt Was extended to its maximum

length. All three sustained minor (AIS 1) injurles: contact-induced contusions,

18
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strains, and burns fromethe asphalt. The occupant in the middle also sustained

nose and forehead abrasions and knee abrasions from contact with the seatback,

and abrasions to the hip-area. The other two sustained neck or back sprains,

origin unknown.

The fourth bench seat was equipped with lapbeits for the four seating positions.

Only one of the four students seated on the bench was restrained at the time of

the crash. All four students, however, received oniy minor injuries.

Qrivqr

The.driver was unrestrained, but restraint- status probably had little -effect

because of the intrusion at his seating position. He sustained moderate (A15 2)*

injuries: a fractured left knee and fractured five adjoining ribs on his left

side when he contacted the left door and steering wheel during Ihe collision. He

also received a kidney injury of unknown severity (A1S 7). Hot asphalt caused

first-degree burns-of both hands,, left forearm, back, and left thigh.

7he driver was trapped in the vehicle es a result of the vehicle collapse at his

seating'position and the-hot asphalt that had spilled on top of him. He was

freed by fire rescue personnel.

Notes About the Accident

Passenger injuries, for the most part, were caused by the hot asphalt that

spilled into the van through the- broken windows. Restraint use could have

provided little benefit in those circumstances. Seating position, rather than

restraint status, was the major' factor in injury outcome. The two passengers

receiving the worst-injuries Were seated-i-n-the-iwact 2one.

Although the driver stated he was wearing the lap/shoulder belt available at his

position, Safety Board investigators determined that he probably was

unrestrained. The shoulder portion of the_ three-point belt was found wedged

behind the driver's seat with blood splattered on the latchplatee and asphalt

concrete filled the buckle latchplate-slot.

The lapbelts provided at 13 of the 14 passenger seating positions-were General

Motor lapbelts, with pushbutton reieese iatchplates, requiring manual adjustment

lo ensure a snug fit. Safety Board investigators suspect at least one of these

lapbelts had not been adjusted properly: the student seated in the third bench

seat, middle position, claims to have beer wearing the available lapbelt but

slid forward under the seat in front of her-during_the crash. The lapbelt at her

seating position was found extended to its maximum length. If worn, it probably

had not been adjusted to fit peuoerly and allowed the student to slide under the

belt and onto the floor.

The lapbelts on me seats were equipped with pushbutton release

latchplate4. bench seat were anchored.to the floor; the

others weee ;:nc:*:07.1 to the neatcrale.
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Wallingford, Connecticut
Case Number 25

Lett Side of Van .
Driver
M-68, MAIS 2
Fracture of left knee
Fracture of five adjacent

ribs on left.
Kidney injury, unkncwn severity
Firs( degree burns on-both

hands, left forearm, lower
_ -back-and left thigh

Row 2A _

M-11, MAIS 2
Fracture of left cheek bone
Laceration of forehead and lips
First degree burns on hand

and both upper thighs

168

Principal Direction
of Force

Row 28
M.13, MAIS 1
Row 3A
F-12, MAIS 1
Hów 38
F-11, MA1S 1

Row 4A
F.12, MAIS 1
How 48
F13:MAIS 1
(restraint status unknnwnl
Raw 5A
m.14, MAIS 1
Row 58
M.13, MAIS 1
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Row ID
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Row 5C
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Case No. 26 Safety Board Investigation No. CHI-85-H-0R18

AcOdent Location

Oate and Time

Schaumberg Road and Plum9fove Road;
Schaumberg, Illinois

April 5, 1985; 12:49 p.m.

Description of School Vehicle 1984 Ford 19-passenger Ecenoline van. The van was
not built to Federal school bus standards.

. . _

Type of Accident Head-on collision

Severity of Accident Pelta V 25-28 mph

Summary of Events

A van used 2s,a school vehicle was transporting 12 students on an activity trip.

While-traveling-eastbound on 2 four-lane roadway divided by a 16-foot-wide flush

divider island, -the driver lost control. The van crossed over the median

divider, entered the opposing -traffic-.:lanes,. and _struck .a 1984 Lincoln

Continental sedan head-nn. After impact, buth vehicles came to rest in the

westbound left lane still engaged in the impact position.

Of the 12 passengers in the van, 7 were wearing lapbelis and 5 wire unrestrained.

The driver was-also unrestrained. --

Collision damage waS found across the entire front of the van, with maximum
rearward-crush reaching 20-inches at the right front, There was no intrusion into

the passenger compartment of the van. Interior damage occurred to'the steering
assembly and- instrument panel forward and inboard of the driver's seat position.

The lower framework and the seatback of each bench seat were substantially

deformed. A spare tire and wheel, stored but unsecured beneath the rearmost bench

seat, was displaced forward during the impact.

The' van performed well in thiscrash,-allowing -the-passenger compartment to

maintain its structural integrity without_ contributing to passenger injury.

Although the vehicle did not conform to Federal school bus standards, this does

:not appear to have affected the crash outcome. Many injuries ware attributable

.to lapbelt use rather than to the interior features of.the van.

.Outcome of Occupants of School Vehicle

Wing=
Of the 12 passengersi ages 6 to 7:

5 sustained MIS I (minor) injuries,
-3 sustaimed-MATS 3 (serious) injuries,
3 sustained MAIS 5 (critical) injuries (the injuries for one proved fatal),

and

I sustained MAIS 7 (unknown severity) injuries,
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Although the paseenger in the front bench seat (bench 1) eext to the left window

said that he was wearing the lapbelt provided, eeidence indicated that he was

unrestrained. He received_ minor (AIS 1) abrasions.and a laceration. Considering

-the injuries sustained by the lapbelted passengers iri this ven, this passenner

might have received a greater level of injuries had he been restrained.

The passenger in bench 1 in the second seat from the le,t was restrained by a

static lapbelt and sustained a bilateral pelvic fracture (AIS 2), contusions and

abrasions on and above the bridge of his nose (AIS.2), a cicsed heed injury with

eeeralgic defect (41S 3), and abrasion of the left-and right flanks -(AIS 1). The

ear's :injuries can be attributed directly to his -wearieg the lapbeit.

idering the location and type of his pelvic injuries, the lapbelt was-

.leently worn in what is usually considered to be a proper manneie The

bilateral pelvic-fracture was caused by.decelerating into the belt webbing while-

the upper tors-o-jackknifed -giver belt causine head Lontect with the rigid base-of

the driver's seat. Had a lapbeit not been wnrn, thi; child's deceleration would

have been into the rear cushion of the-driver'S seat, the driver's body, -and the

surface of the engine cover, with the deceleration forces distributed over more

of his bodyesome level of moderate torserious injury could.have occurred.

The passenger in behch 1 in the right seat .was-restrained by a lepbeit and

sustained a serious (AIS 3) comminuted fracture of the left iliac wing and minor

(AIS 1) contusions and abrasioni' to his abdomen and limbs. Because his height

was much greater than 'that of the-passenger on his left, his head was directed

into the upper area nf the seatback in front of him (the right front seat). The

seatback deformed forward, allowing acontrolled or conta41ed deceleration.

Although the serious pelvic injury was the result of his wea-ing the lapbelt, the

passenger did not receive a serious head injury, unlike h:e seatmate.

The passenger in bench 2 next to the left window.was not wearing the* static

lapbelt available and su:tained a minor (A!S 1) contusion to his lower left leg,

which did not require medical attentiOn. He was fully contained by the seatback

directly in front of him. Extensive forward displacement occurred in the

seatback along with multiple scuffed areas.

The passenger in bench 2 next to the-righ, vindow.wae not_weariner the static,

lapbelt available at ,that position and alsce_sustained only- minor (A1S 1)

injuries:- abrasions and contusions. Extensive ierward deformation occurred to

the:lower framework of bench 2 along with the seatback at this position. The

seatback directly' in front was pushed forward several inches, with scuMd areas

on the uphclstered rear surface.

.The: passenger in bench 3 next to the left_window was wearing the etatic lapbelt

available at that position and sustained serious (AIS 3) injuries that-included a

fracture of the left iliac crest, a head injury, and a bledder contusion. The

passenger was hospitalized for 4 days. Her serious injuries can be attributed to

her wearing the lapheit. The location and nature of her pelvic injuries strongly

suggest- proper belt placement. The bench seat directly in front was.extenslvely

deformed: the lower framework was disp' ed forwari several inches and the back

cushion was pushed forward into conta L. with the ;ewe- cushion. Scuffed areas

were observed on the upholstered rear surface of the back cushion.
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The passengers in bench 3 in the second seat from the left and the- right seat

were not wearing the static lapbelts available at the.positions. Both passengers

sustained minor (A1S 1) contusions and abrasions, and were both contained by ttee

seatbacks in front, allowing them to "ride down the impact forces, without

serious injury.

The passenger in bench 4 next to the left window was wearing the static lapbelt

available at that position and sustained critical (AIS 5) injuries that proved

fatal. This passenger suffered a contusion (6 x 6 inches) on the left hip

(A1S 2), bilateral pulmonary contusions (AIS 3), retroperitoneum hematcma

(A1S 3), subarachnoid hemorrhage (AIS 3), serosal tear (AIS 4), torn mesentery

-(A1S sebdural hematoma (A1S 4), laceration of the, colon (AiS 5), laceration

of the small bowel (A1S 5), and loss of consciousness (A1S 5'. The passenger

never regained consciousn-ess following the crash. She was treate4 with the aid of

life support equipment for 3 days before being pronounced dead. The injuries

resulted 'from ianbelt-use. The severity of the injuries was increased by the

presence of an unsecured spare tire and wheel that moved forward at impact to a

position beneath and forward of the passenger. The-jackknifing action-cver the--

lapbelt accelerated her head into violent contact with the tire and wheel,

resulting in brain and spinal injury. The iapbelt itself penetrated her abdomen,

resulting in massive internal trauma. The movement of the spare-tire blockedthe

downward Collapse of the lower seat cushion, presenting a rigid surface that

resUlted in compression of thc paesenger's chest and pulmonary contusions. Had

the lapbelt not been worn, the passenger's head would not have accelerated
.downward into the spare tire and wheel or into the lower framework of bench 3.-

The passenger in bench 4 in the second seat from the left was wearing the static

lapbelt available and sustained critical (A15 5) injuries: a bilateral fracture

of iliac crests (AIS 2), a eubarachnoid hemorrhage (A1S 3), and severe brain stem

injury (A1S 5). The passenger received tnitiel care et an area hospital for
before'being transferred for-rong-et:erm-e-areee Hie-injuries, like those of-

the passenger to the left, are attributed to tile lapbelt being worn. These

injuries probably would have been less eevere had tne paesenger net been

lapbelted.

The pasSenger in bench 4 in the second seat from the right was also wearing the

static lapbelt available and sustained critica1.015 5) injuries: a contusion

with hematoma of the forehead (XIS 2),eabrasion/contusion of the lower abdomen.

(ALS 3), contusion with hematoma of the cecum (AIS 3), subarachnoid hemorrhage-of

the cranial/cervical junction (AlS 3), subarachnoid hemorrhage of the posterior
fosse (AIS 3), perforation of small bowel (A1S 5), and a spinal cord contusion

(vedriplegic)-(AIS 5). The passenger epent extended- time at a local hcspital

and was then transferred to an extended-care facility. The passenger would not
havt-recetvtd such serious injuries had he not been lapbelted.

The passenger in the bench 4 next to _the right window seat Was wearing the_static

lapbelt available. Several inches of forward deformation -occurred at the right

side lower framework of bench 4. The tubular frame members were bent forWard to a

point of contact between the bench's leading edge frame and the ineer fender of

the right rear ttre. The back cushion of the-bench was displaced ;.orward by

several inches at its top. This passenger sustained.a moderate (AIS 2) injury, a
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full-depth laceration of the tongue. She was afforded some degree of deceieration

by the interior sidewall of the van and the forward deformation of the lower

framework of the seat: she did not sustain serious to critical injuries

comparable to the other lapbelted-passengers.

()Hype-

The driver of the van, who was not wearing the available lap/shoulder belt,

sustained severe Injuries: a large laceration of the left thigh (AIS 2),

contusion of the upper left chest (AIS 2), multiple facial contusions (AB 2),

-concussion with_ amnesia (AIS 3), avulsion fracture of the right elbow (AIS 3),

and a bilateral pulmonary contusion (AIS 4).
_

Witnesses stated that the driver apparently passed out just before to the

collision and-leaned over to the right. Had the driver had been wearing the
lap/shoulder belt, her leaning to the right would have taken her out of the

shoulder belt and left her restrained by the lapbelt only.
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Case No. 27 Safety Board Investigation No. MYC.-85-H-5801

-Accident Location Route 101 at Wallace Road; Bedford, New Hampshire

Date and Time October 1, 1985; 6:50 a.m.

Description of School Vehicle 1981 Dodge Van Space Porter Custom SE. The van,
previously used for airport.limousine service, met
New Hampshire standards for a multi-purpose school
bus; it had not been retrofited to meet Federal
school bus standards. (The van was painted white,
not school bus yellow.)

Type of Accident Left side . impact, with principal direction of

force at the 10 o'clock position

Severity of Accident

-Summary of Events

Delta V unknown

A- van, equipped with some form of seatbelt at all seating positions, ,as
transporting two unrestrained students to school. The driver was restrained-bY a

lap/shoulder belt. When the driver attempted to turn from one roadway to another

in heavy fog, it was struck in the left front side- by a dump truck, whica was
traveling at 35 mph. The dump truck pushed the van across the center of the road,

where the truck struck a 1984 Chevrolet sedan.

The van received extensive damage on the left side, with MAXIMUM inward crush
-reaching 39iiches- at the driver's door. The.bench :eat behind the driver's seat

was displaced rearward and to the right.

The van was not built according to the requirements of.the Federal Motor Vehicle

Safety Standards (FMVSS) for school buses; therefore it cannot be evaluated by

these standards. The van, which was rated at leis than 10,000 pounds gross

vehicle.weight rating. was struck on the left side by a loaded dump truck that
weighed 51,900 pounds traveling at about 35 mph. The differences in weight and in

structural rigidity -between the two striking vehicles makes irrelevant any

discussion of crash performance of vans conforming to Federal school bus

standards versus nonstandard conforming vans.

Outcome of nccupants of Vehicle

Of the 2 passengers, ages"15 and 18:
I sustained MAIS 3 (serious injuries), and
1 sustained MAIS 5 (critical injuries).
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The unrestrained passenger in the right front seat rcceived critical (.IS 5)
:njuries: intervo.triculee and intercerebral i)emorrnenes: oe W4S unconsci,:us for
nore than 24 hours, The contact points for the passenger were not confirmed. The
dynamics of the collision moved hiM forward and to the left at impact, into the
area of maximum intrusion: The use or nonuse of restraint probably did not affect
the injury outcome for this passenger because of the massive intrusion into the
forward area of the van.

The other unrestrained passenger WaS in one of the three rows of bench seats; the
exact position is not known.'_ The passenger Was ejected out of a left side
window. (The windows did not conform to federal school bus standards). She
sustained serious (AiS 3) injuries.: a comminuted pelvic fracture, closed head
injuries, and a massive lower leg injury that. necessitated amputation of the
limb. The type and severity of the lower leg injury indicate that the limb was
run over by the dump truck tires followirsg the ejection. The pelvic fracture and
head injuries could liave occurred from contact with the pavement. The_jntrusjon
or-the school van was on the.left front, away from this passenger's seatieg area.
The forces, however, would remain extreme, and had she been lapbelted, she would
probably have still sustained serious injuries.

2Iar .

The driver was wearing the lap/shoulder belt proided. She sustained severe
(AlS 4) injuries that proved fatal: skull fractures; brain-hemorrhage; fractured
ribs, femur, and pelvis; and lacerated liver, spleen, kidney, and lung. The
injuries were caused by impact forces and severe intrusion into the driver's
seating area. The icapact force and penetration by the dump truck into the
driver's door, at belt line height, resulted in an unsurvivable crash for the
dr;ver, belted. ottonolo_ _

Notes About the Accident

Lobelt; were installed in the van, but the installation-and configuration W2S
unusual and not in compliance with the Federal Motot '.fhicle Safety Standards.
The lapbi,Its were different lengths, ranging from 9 to CO inches tu the cushion
junctiOn. The Safety Board investigator sat in various seats in the van and tried
to fasten the-seat belts: belts often woOld not fit around his body.

In the rearmost seat. buckle.to.latch configurations were irregular. Iwo buckles
lay next to each other-on one side of the seat, two latchplates together on the
other side, and a huckle/latchpiate combination on each of the outboard locations
(the configuratFon should be buckle/latchplate across 'the 'ire seat). At
another position, .two belts were-anchored by one bolt. Feder. Motor Vehicle
Safety Standard 209 specifies that seatbelt anchorages- for an individual belt
assembly shall be located at least 6,5 inches apart laterally, measured between
the bolt holes. A passenger restrained in such a belt in a frontal collisten
would pivot forward and would be forced to the loft er right, depending on the
side of the bus he or she was sitting on:
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The Dodge van was previously used for airport limousine service. The school
district leased the van and nude certain mndificaticr.s so it could be certified
as a multipurpose. school vehicle. The modifications, according to the State's
regulations regarding school transportation, du not require the vehicles to
conform to Federal school bus standards. -
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Bedford, New Hampshire
Case Number 27

Principal Direction
ro-rce

Left Side-of Van
Driver

MAIS 4
SUbdural hematoma

(right cerebral)
Laceration of liver
Laceration of left kidney
Subarachnoid hemorrhage
Laceration of .spleen
Collapsed left lung
Retroperitoneal hemorrhage
Fracture of right femur-
Skull hairline fracture

(left temporal)
Skull hairline fracture

(right temporal)
Fractured pelvis ileft ischium)
Fractured pubis
Fractured left 7th and 8th ribs
Feactured left tibia
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0

V. !Mi.', ^t.,,

Vs-,..

V.,.::

1

r i jht Side of Van
Seat 2
M-15, MAIS 5
Conwssion-unconscious

more than 24 hours
Multiple inter-ventricular and

inter,cerebral Fieinorr hid-a
Laceration on back of head
Abrasion on left front temple
Laceration on right hand

Seating position unknown
P-18, MAIS 3
(UnrestrainedH
Comminuted pelvic fracture
Compound fracture of left tibia
Compound fracture of left fibula
Fractured acetabular
CoMpound tra. of

left metatarsal toes
Fracture of left -tarsus
Fractured right radius
Fractured left phalanges
*Laceration of rightcheek
Abrasion and contwaon on contra!

forehead

The van shown
fa representational only.
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Case No. 28 Safety Board Investigation No. FTW-84-H-S1311

Accident Location State Highway 158; outside Odessa, Texas

Date and Time June 23, 1984; 5:15 p:m.

Description of School Vehicle 1980 Ford Superwagon. I5-passenger van. The van
was not built to Federal school bus standards.

Type of Accident

Severity of Accident

Noncollision rellover (7200)

Delta i not calculable

-Summary of Events

An overloaded church van,inot built to school bus standards, was transporting 21
passengers to a you.th revival; the van was built for 15 passengers. Some form of

_restraint was provided at each of the 15 seating positions, hut-none of the
passengers was re-strained. The driver was also. unrettrained. As the van traveled
at about 50 mph on a two-tene,.two-way,_straight and level rural road, the left
rear tire blew out and the driver Iost control of the vehicle. The van continued
660 feet, veering onto the shoulder and back into opposing traffic lanes. When
the van rotated clockwise about 1100, the exposed ieft rear wheel rim dug into
the asphalt, caLising the van to turn ever'onto its left side. The van completed
two-revolutions (7200). covering a distance cf 90 feet-before it came to rest on
its wheels. Three passengers were ejected and fatally -injured during the
rollovers.

Damage to the van was typical of a vehicle r011over,-confined principally to the
sheet metal body with little structural deformation. Striations found on the van
body were consistent with ground scars found at the accident scene, indicating
two complete rollovers. All glass areas of the van, except on the left side, were
broken out and missing. The roof and side pillars were pushed toward the left as
a result of the. rollover._Jhe van's body structure perfomcd'well in the double
rollover. The occupants' injuries were not caused by the structure deformation or
collapse-

Outcome of Occupants of School Vehicle.

ellmaggrl

Of the 21 passengers, ages 3 to 40.:
3 were uninjured,

11 sustained MAIS 1 (minor) injuries.
4 sustained MAIS 3 (serious) injuries or greater, and
3 sustained fatal injuries (A1S coding not possible due to lack of

medical records).
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No passenger was restrained. Lapbelts were available at each designated seating
position, but the van Was carrying more passengers than it was designed for
("more" in number, not weight). Six, passengers were not in a designated seating
position; they were either sitting An the aisle or sqUeezed onto a bench seat
that was-already full.

Proper use of the lapbelts would have prevented or reduced some of the injuries
received in this accident. The three fatally injured passengers were ejected from
the vehicle as it rolled over. These ejections and the fatal injuries would have
been prevented had the restraints been worn. No major structural collapse of the
vehicle occurred; the passengers tot- ejected received injuries mainly due to
their freedom to be thrown about the interior of the vehicle.

Driver

Iiii'driVer of the van was not wearing tile lap/shoulder belt provided at his
position. The driver sustained at least minor injuries, but specific information
is not available. He was' not hospitalized. Medical information is not available--
so he is coded as injured, unknown severity (AIS 7).

Notes About the Accident

Of the _15 lapbelts- furnished by the vehicle manufacturer, 7 were lying on the
floor of-the_van, out-of position for passenger use.

The van, with -the exception of its left rear tire, .was "in good mechanical
condition. The tire probably had been used as a spare until recently. An
inspection before the trip would have identified the poor condition of the tire.
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-Odessa, Texas
Case Number 28

Driver
M-20, MA* 7
Row 1B -

F-16, MAAS 1

Row 1C
F-9, MAPS 1

Row 10
F21, MAIS 1
Row 2A
M-19; MAIS 1
Rpw_213

F 2.1 , MATS 1

Row 2C
M-32, MAPS 1

Row 2 8 C
F-29, MAIS 7
Specific injuries unknown
Row 3A
M-8. MAIS 3

Specific injuries unknown
Row 31
F-11, MAIS 3
Specific injuries unknown
Row 3C
F-40, MAIS 7
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Rollover
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eit. :

C 1. MA'. .4 lel:.
V

m.
...EA.( % r.,

V ). '

4,4,, g4 .5,
eat re, 4,4 A. ly

Row 3CX
M-2, MAIS 7
.Row 4A

MAIS 1
Row 48
M-27. MAIS 0
Row 4C
M-11, MAIS 1
Row 4AX
M6, MAIS 3
Specific injuries unknown
Row 4BX
M-3, MAIS 0
Row 4CX
M-4, MAIS 1
Row 5A
M711, MAPS 1
Row 58
M-17, MAIS 0
Row 5C
M-14. MAIS 3
Specified injuries unknown
Row 50
M12, MAIS 1

The yen shown
is representational only.
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EXAMPLES OF CONFLICTING CLASSIFICATIONS OF SCHOOL BUSES

clasLIILJElmhtirst, Illinois)

School Vehicle:

Classifications:

1982 Chevrolet van chassis with 23-passenger Vanguard body
by American Transportation Corporation.

Leskralfg_lto. Safety Standards.--Classified as a

small school bus because its-gross vehicle weight rating is-
less than 10,000 pounds. At least -a lapbelt for every
passenger is required at manufacture; the lapbelts- must
meet all Federal standards for belts on multipurpose
vehicles. The bus is required to meet federal requirements
fo-r small school buses: no minimum joint strength is

specified, and no frontal barrier is required. The . bench
seats do net-have toimeet any seat spacing reqUirements.

Federal HighWftlafetv, kaansm_51mOrd No: 17.--Classified
as a -Type I large scilool bus because its passenger capacity
is more than-15. Pes_sengers.of_Type I school buses are not
required tV wear their seatbelts (if seatbelts are present).

yiumai Minimum StanjarellCor;ference (School Pm,
InItutalc-Classified as a Type A small school bus
(formerly called 2 Type_II) because its gross vehicle weight
rating is less than 10,000 pounds and its passenger capacity
-is more than 10.

Case 23 ( 1r 1 liJALSIOLL. 61:11.4.012.q

schoOl Vehicle: 1981 Chevrolet chassis with 15-passenger Cadet body by
Carpenter Body Works.

Classifications: Fgdgral Mstor ,VehicleLlafely tandards.--Classified as a

large school-hus. because its gross_ vehicle weight rating is
over 10.000 pnunds..Japbelts -for -posenoers are .not
required; if installed, they do not have to meet Federal
re(4uirements for spatbelts. The school bus must meet all
design and performance standarOs for large sch.oel buses,
including compartmentalization.

fqdaral Hi ohway_afsiy_lnarlunkaL' jj -Classified
as a Type 11 small school bus because its passenger capacity
Is less than 16. Passenws on a Type 11 school bus must
.wear their lapbeits whenever the vehicle iss in motion.

Nat ional Minimum Standards
Ladwittyl.,--Classified as a ,Type 8 small school bus
(formerly called a Type II) because it$ gross vehicle weight
rating is more.than 10,000 pounds and its capacity is more
than 10 persons.
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APPENDIX F-

DATA ON-PUBLIC SCHOOL TRANSPORTATION, 1986-87

The following table presents data for school buses classified as Type 1
and Type 11 school buses. Type 1 buses are classified by the school bus
industry (National Minimum Standards-Conference of 1980) as Type C and Type 0
large school buses. Type 11 buses are classified by the school bus industry
as Type A and Type B small school buses. Type 11 also includes other types of
small vehicles used for school transportation.
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Source: Reproduced from School Bus Fleet magazine,
December/January 1989 issue, with permission from
Bobit,Publishing Co., Redondo Beach, California
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APPENDIX G I

SCHOOL BUS SALES BY BODY TYPE, 1974-88

U.S. School Bus Body Sales 1974-1988
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Source: Reproduced- from School Bus Fleet magazine,
December/January 1989 issue, with permission from
Bobit Publishing Co., Redondo Beach, California
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APPENDIX H

-SCHOOL BUS TYPE DESIGNATIONS

School Bus Type Designations
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(cont inued)
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COMPANY

School Bus Type Designations (Continued)
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APPENDIX I

ABBREVIATED INJURY SCALE (AIS)

Injuries of school bus occupants were coded in this study according to the
1985 Abbreviated Injury Scale (AIS) (American Association for Automotive Medicine
1985).1 Injuries are described in the case summaries (appendixes B and 0) in
terms of the maximum AIS injury (MAIS) sustained by an occupant. Hence, if an
individual sustained two AIS 3 injuries, one AIS 2, and seven AIS I injuries, the
individual is assigned an MAIS 3 injury.

A University of Michigan study substantiated that approximately 98 percent
of the people sustaining multiple injuries wou1,1 be properly assessed using their
most severe injury as an index (Huang and March 1978). Identification of each
injury incurred by a school bus occupant with an MAIS 2 or more is incTuded on
the bus seating.charts in the case summarieF.

Ns Code Description Examples

0

1

Uninjured_

Minor Bruises, abrasions, superficial lac-
erations (less than 2 inches on face
or 4 inches on,body, provided they
do not extend into subcutaneous
tissue), fractured finger, sprained
wrist, fractured nose.

2 Moderate _Dee-p laceration, mild concussion,
head injury with amnesia about
accident and no neurological damage,
fractured clavicle, sprained knee,
fractured foot, fractured ulna.

3 Serious fractured .femur, dislocated hip,
brain swelling, contused. bladder,
fractOred pelvis, crushed forearm,
hand amputation, head injury with
prior unconsciousness with neuro-
logic deficit.

4 Severe Ruptured spleen, amputation of leg
above knee, brain hematoma less than
100 cc.

(Continued)

1 AIS is e standardized, universally accepted systom for oasessing the severity of injuries from ievects
by coding individual injuries. The first AIS was paoliiihed in 1071 under aconsorship of a joint committee
of the American Modica( Association, the American Alsociatiun for Automotive Medicine, and the Society of
Autceotive Engineers, Since 1073, the American Aaaociation for Automotive Medicine has been the sponsoring
organization.
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AIS Code
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AIS SCa1e (continued)

Description Examples .

5 Critical Pulmonary artery laceration,complete
spinal cord lesion (quadriplegia or
paraplegia), ruptured liver, uncon-
sciousness more than 24 hours or
penetrating skull injury, brain
hematoma more than 100 cc.

6 Maximum injury Torso transectlon, massive skull
crush, -spinal_ cord crush witht otal.
transection C-3 or above, crushed
brain stem;

7 Injured, unknown . Insufficient information is avail-
able or outcome rather than-injury
-is -described;-,i.e arm trauma,
closed head injury, kidney injury.

Unknowh if injured Medical report states "redness over
eye," "suspicion of " or.
no information is available.

207
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APPENDIX J

COMPARISON OF KABCO AND AIS INJURY SCALES

The KABCO injury scale is commonly used in police accident reports. 7he
AIS scale is used by accident investigators wi,th the.National Transportation
Safety Board and by highway researchers.

The KABCO
for coding

c2de

K

A

KABCO Seale

system has 5_options
injuries:4

Description

AIS Scale
_

The AIS system ha$ 9 options:

Code Severity_

Dead before report was made

Bleeding wound, distorted

0

1

2

Uninjured
Minor
Moderate

member, or had to be 3 Serious
carried from scene 4 Severe

5 Critical
B Other visible injury or

bruises, abras!ons,
swelling ..._,Or ..I imp

6

7

Maximum, vcrtually
unsurvivable
Injured, unknown _

severity
C Possible injury 9 Unknown if injured

0 No indication of injury

a Definitions as used in Illinois policr repors.
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An injury can can be coded differently, depending on _the injury scale

used. The KABCO system has broad classifications that can be misleading about

the actual severity of injury. The following examples, using cases from-this

study on small poststandard school buses, illustrate differences in coding.
The full summary of each case is given in appendix B or D.

Case 13 (Houston, Texas): 9 passengers

KABCO Scaleb AIS Scale

Number of Injury Number's:if Injury

passengers code passengers code

2 A 9 AIS 1

7

Case 16 (Elmhurst, Ill inotE): 9 passengers

KABCO Scal .AIS Scale

Number of Injury Number of Injury

p2sF ngers code_ passengers code

A 2 AIS 0
2 -AIS 1
2 AIS 2
3. AIS 3

b The KABCO system is defined dtfferently in Texas police reports: K

Killed. A Incapacitating injury-severe injury that prevents continuation
of normal actions; includes broken or distorted liMbs, internal injuries, and

crushed chest. B Nonincapacitating injury--evident injury such as bruises.
abrasions, minor lacerations that do not incapacitate. C Possible injury--

injury that is Oaimed, yeported, or indicated bY, behavior without t 'sible

wounds.

20,9
1
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Case 26 (Schaumberg, IlliroisiL 12 passengers

KABCO Scale AIS Scale

APPENDIX J

Number of Injury Number lf Injury
passengers code passe, ?rs code

1 K 5 A1S 1
10c A 3 AIS 3
1 C 3 AIS 5

1 AIS 7

,_

c- The 10 passengers coded as receiving "A" injuries Aid pot actually receive
injuries of the same severity. Under the AIS scale, these)0 passengers were
coded as follows: 4, AIS 1 (minor); 3, AIS 3 (serious); 2; AIS 5 (critical);
1, AIS 7 (injured, unknown severity).
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APPENDIX K

LIMITATIONS OF THE KABCO INJURY CODES

The following discussion about the KABCO injury coding system has been
excerpted from a University of Adelaide publication (Hutchinson 1987).-

8.10.1 The codes

Most American police forces use the K, A. El, C. 0
code recommended by the National Safety Coun-
cil. The wording of the definitions of these codes ---
varies in minor ways from place to place. Very brief
descriptions are as follows:

K Fatal,

A Incapacitating injury.

8 Non-incapacitating (evident) injury.

C Possible injury.

0 No indication of injury,

The K, A, 8, C. 0 scheme permits rapid evalua.
tion urder adverse circumstances and with min-
final examination of the victim. Birt obviously
many injuries in ihe A category are minor, such
as superficial lacerations accompanied by moder-
Jte but easily controlled bleeding, and conversely
the C category could.include severe and potentially
life-threatening injuries wch as a ruptured spleen.
Further doubt is cast on the validity of this classi-
fication by the finding (Carpenter, 1973) that in.
surance payments (in what was admittedly a small
sample) for severity C were.higher then for B which
in turn were higher than for A. In the course of a
wider investigation, Shinar et al (1983) found that
a substantial number of injury- accidents-in Indi.
ana were recorded by the police as damage-only
(grade 0).

211

8.10.2 Illter- and ultra-state varia--
tions in usage

Carroll and Scott (1971) arid ScOtt (1972) noticed
enormous differences between .states of the U.S.A.,
as to the proportions in which the A, B, C codes
were used: the proportion of A injuries varied from
13% to 65%, and the proportion of C injuriti var-
ied from 9%- to--75%, in a sample of 17 states.
The authors thought that much of the variation
must be attributed to non-uniformity of scale in-
terpretation and use. I- have compiled some nr...re
recent data--see Table 8,22.
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Table 8.22: Percentage distribution of severity of injury in thirteen states.

8

South Carcaina 1985 36 22 42
Massachusetts 1981 32 32
Illinois 1983 27 26 47
South Dakota 1983 _ _20 .A7 33
Idaho 1983 17 40 _44

1982-83 15 ,41 45_Washington
Michigan 1983 _ 14 31 55
Delaware 1983 13 48 39
Texas 1983 12 44 44
States 'hat may not be comparable:
Alabama, 1983* 59 26 15
Arizona 19831 20 47 33
Ohio 1984+ 8 41 51
California 1983+ 5 46 49

Rural accidents only,
# U.S. and state highways only,
+. These states use the term "severe" in describing the most serious category. Thus in California it is
called a "severe wound", though the definition of this is very similar to the usual definition of code A:
"Injury which prevents the injured party from walking, driving, or performing activities he/she was nor .

malty capable of before the accident." In the Ohio data table it is called "severe", but in the definitions
it is called "serious visible injury", and is defined as "An injury other than fatal that pre-vents the injured
person from working, driving, or continuing normal activities that he (she) was capable of performing
prior to the accident."
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UPENDIX L

DATA ON FATAL SCHOOL BUS ACCIDENTS

The Aable that follows is from a study on school bus safety published in 1989
by the Transportation Research Board, National Research Council. The values
are -derived from FARS, the fatal accident reporting system of the U.S.
Department of Transportation, National Highway Traffic Safety Adminis:ration.

TABLE 3-2 ESTLMATED ANNUAL SCHOOL BUS ACC'DEN
FATALITIES (FARS 1982-1986)

Persons
Fatally
Injured

Vehicle Type

School
Busesa

Vehicles
Used as
School
Busesb

Other
Vehicles Total

Drivers 1.6 0.8 62.6 65.0
Pedestrians
Studentsc 24.0 1.8 11.6 37.4
Adultsd 4.4 1.0 1.8 7.2

Passengers
Students 9.6 2.4 8.0 20.0
Adults 2.4 11.6 14.6

Bicyclists
Students 1.8 0.4 1.0 3.2
Adults L2 0.2 02 1.6

45.0 7.2 96.8 -149.0
..

NOTES: Avenge valves derived from 5 years a iatal accidtmt data. Drivers
and passengers were occupants of the vehicle type indicated. Pedestrians and
bicyclists were struck by the vehicle type indicated.
a"School bus" refers to a vehicle designed and built as a school bus, excluding
. van:uased buses. These vehicles are predominantly Type I buses with
GVWRs greater than 10,000 lb.

b"Vehicle used as a school bui" refers N3 a vehicle that is externally
identifiable as a school bus, but not originally designed and built as a school
bus, for eXample, station wagons, standard vans, and vans modified to serve
as school buses.

eStudents are dermed as persons under 20 years old.
dAdults are defined as persons 20 years old or olde..

Source: Transportation Research Board, National
Research Council (1989, p. 35).
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APPENDIX M

FEDERAL MOTOR VEHICLE SAFETY STANDARDS (FMVSS)
, MENTIONED IN SAFETY RECOMMENDATIONS

§ 571.206 49 CFR Ch. V (10-1-88 Edition)

0

7,71.206 :it.inti.rd No, WA: floor locks
and door retention components,

SI. Purpose ,and scope,. This stand-.
ard specifies icouirements for side
door locks and gide door retention
components including latches. hinges.
and other supporting means, to mini-
mize thelikellhood of occupants being
thrown from the vehicle 'as a result of
invact.
Si Applical:on. This standard ap-

plies to passenger ears, multipurpose
pm.senger vehicles, arid trucks.

S3. Definitions, -Cargo-Type Door"
means a door designed primarily to ac-
commodate cargo loading including.
but not limited to. a two-part door
that latches to itself.

"Side front door- means a door that
in a side view. has 50 percent or more
of its opening area forward of the
rearmost point on the driver's seat-
hack. when the driver's seat is adjust-

382
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National Highway Traffic Safety Admin., DOT 571.206

ed to its most vertical and rearward mechanism with the locking mecha-
position. nism disengaged).

"Side rear door" means a door that, S4.1.2 Door Hinges-. Each door
in a side view, has more than 50 per- hinge system shall support the door
cent of its opening area to the rear of and shall not separate when a longitu-
the rearmost point on the driver's dinal load of 2.500 pounds Is applied,
seatback, when the driver's seat is ad- Similarly, each door hinge zystem
Justed to its most vertical and 1 cu. shall not separate when a teanaverse
ward position. load of 2.000 pounds is applied.

84. Requirements. Components on 54.1.3 Door Locks. Each door shall
any side door leading directly into a be equipped with a locking mechanism
compartment that contains one or with an operating means in the inten-
more seating accommodations shall_ or of the vehicle.
conform to this standard. However, S4.1.3.1 'Side Front Door Locks.
components on folding doors. roll-up When the locking mechanism is en-
doors, doors that are designed to be gaged, the outside door handle . or
easily attached to or removed from other outside latch release control
motor vehiclesi_manufactured for oper. shall be inoperative.
ation without doors, and side doors- S4.1.3,2- -.Side Rear Door Locks, In
which are equipped with wheelchair passenger cars and multipurpose pas-
lifts and which are linked to an alarm senger vehicles, when the locking
system consisting of either a flashing mechanism Ls engaged both the out-
visible signal located In the driver's side and inside door handles or other
compartment or an alarm audible to latch release controls shall be inoper-
the driver which Is activated when the ative.
door Is open. need not conform to this S4.2 Hinged Cargo.Toe Docirs,
standard. S4.2.I Door Latches.

84.1 Hinged Doors, Except Cargo. 84.2.1.1 Longitudinal Load. Each
Type Doors. latch system, when in the latched po-

84.1.1 Door Latches. Each door anion. shall not separate when a longi-
latch and striker assembly shall be- tudinal load of 2.500 pounos
provided with two positions consisting S4.2.1.2 Transverse Load. Each

ol latch system. when in the latched po-
ut, A fully latched position: and Anion. shall not separate when a trans-
b) A secondary latched position, verse load of 2,000 pounds is applied.

84.1.1.1 Longitudinal Load. The When more titan one latch system is
door latch and striker assembly, when used on a single door, the load require-
In the fully latched position, shall not -ment may be divided among the total
separate when a longitudinal load of number of latch systems.
2.500 pounds is applied, When In the 84.2.2 Door Hinges. Each door
secondary latched position, the door hinge system shad support the "door
latch and striker assembly shall not and shall not separate when a longitn-
separate when a longitudinal load of dinal load of 2.500 pounds Is applied.
1.000 pounds Ix applied. and when a transverse load of 2.000

84.1.1.2 Transverse Load. The door pounds is applied.
latch and striker assembly. when In 84.3 Sliding Doors. The traek and
the folly latched position, shall not slide combination or other supporting
separate when a transverse load of means for each sliding door shall not
2.000 pounds is applied. When in the separate when a total transverse load
secondary latched mention, the door of 4,000 pounds Is applied, with the
latch and striker assemtily shall not door in the clotted position.
separate when a transverse load of 85. Demonstration Procedures.
1.000 pounds is lipplied, 85,1 Hinged Doors, Except Caro°.

84.1.1.3 Inertia Load. The door Type Doors.
latch shall not disengage front the S5.1.I Door Latehrs.
fully latched position when a longdu 85.1.1.1 Long:Instinct and Trans
dotal or transverse inertia load of 30g rent. Loads. Compliance with pant
is applied to the door latch system tin. graphs S4.1.1.1 and 84.1,1.2 shall be
chiding :::e !stet: and its actuating dvmmistrated arrordanee with para.

383
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§ 571.206 49 CFR Ch. V (10-148 Edition)

graph 4 of Society of Automotive En.
glneers Recommended Practice J839b.
"Passenger Car Side Door Latch Sys-
tems." May 1965.

S5.1.1.2 Inertia Load. Compliance
with 84.1.1.3 shall be demonstrated by
approved tests or in accordance with
paragraph 5 of SAE Recommended
Practice J83912: May 1965.

85.11 Door Hinges. Compliance
with 84.1.2 shall be demonstrated In
accordance with paragraph 4 of SAE-
Recommended Practice J934, "Vehicle
Passenger Door Hinge Systems." July
1965. For piano-type hinges. the, hinge
spacing requirements of SAE J934
shall not be applicable and arrange-
ment of the test fixture shall be al-
tered as required so that the test load
will be applied to the complete hinge.

85.2 Hinged Cargo-Type DOGrl.
85.2.1 Door Latches. Compliance

with 84.2.1 shall be demonstrated in
accordance with paragraphs 4.1 and
4.3 of SAE Recommended Practice
J839b. "Passenger Car Side Door
Latch Systems," May 1965. An equiva-
lent static test fixture may be ;:lbsti.
tuted for that shown In Figure 2 of
SAE J839b. If required.

85.2.2 Door Hinges. Compliance
with 84.2.2 shall be demonstrated in
accordance with paragraph 4 o! SAE
Recommended Practice J934. "Vehicle
Passenger Door Hinge Systems." July
1965. For plano-type hinges, the hinge
spacing requirement of SAE J934 sh.sll
not be applicable and arrangement of
the teat fixture shall be altered as re-
qiiired so that the test load will be ap-
plied to the complete hinge.

85.3 Sliding Doors. Compliance
with 84.3 shall be dunonstrated by ap-
plying an outward transverse load of
2.000 pounds to the load bearing mem.
ben; at the opposite edges of the door
(4.000 pounds total). The demonstra-
tion may be performti either In the
vlincle or with the door retention
components In a bench test fixture.
136 FR 22402. Dee. 2, 1971. AA antrnded at 37
1711 264. Jan 5. 972: 50 FR 12031. Mar, 27.
19851
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§ 571.210

8571.210 Standard No. 210-. Seat beir as-
sembly anchorage*.

Sl. Purpose and scope. This stand-
ard establishes requirements for seat
belt assembly anchorages to Insure
their proper location for effective oc-
cupant restraint and to reduce the
likelihood of their failure.

32. Application. This standard ap-
plies to passenger cars, multipurpose
passenger vehicles. trucks, and buses.

83. Definition. "Seat belt anchor-
.sge" means the provision for transfer-
ring seat belt assembly loads to the ve-
hicle structure.

84. Requirements.
84.1 Type.
84.1.1 Seat belt anchorages for a

Type 2 seat belt assembly shall be in-
stalled for each forward-facing out-
board designated seating positiiin in
passenger cars other than converti.

2

49 CFR Ch. V_(10-1-811 Edition)

bles, and for each designated seating
position for which a Type 2 seat belt
assembly is required by 1571.208 in ve-
hicles other than passenger cars.

84.1.2 Seat belt anchorages for a
Type 1 or a Type 2 seat belt assembly
shall be Installed for each designated
seating position, except a passenger
seat in a bus or a designated seating
position for which seat belt anchor-
ages for a Type 2 seat belt assembly
are required by 84.1.1.

84.1.3 Notwithstanding the require-
ment of paragraph 84.1.1, each vehicle
manufactured on or after September
1. 1987. that is equipped with an auto-
matic restraint at the front right out-
board designated seating position that
cannot be used for securing a child re-
-straint system or cannot be adjusted
by the vehicle owner to secure a child
restraint system solely through the
use of attachment hardware installed
as an item of original equipment b;
the vehicle manufacturer, shall have,
at the manufacturer's either
anchorages for a Type 1 seat belt as-
sembly at that position or a Type 1 or

432
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Type 2 seat belt assembly at that posi-
tion. The anchorages shall consist of,
at a minimum. holes threaded to
accept bolts complying with S4,1th of
Part 571.209 of this chapter.

S4.2 Strength.
S4.2.1 Except for- side-facing seats,

the anchorage for a Type 1 seat belt
assembly or the ;whir portion of a
Type 2 seat belt assembly shall with-
stand a 5,000-pound force when tested
in accordance with S5.1.

54.2.2 _The anchorage_ for a Type 2
seat belt assemniy shall withstand
3.000-pound forces when tested in ae.
cordance with 55.2.

S4.2.3 Permanent deformation or
rupture of a seat belt anchorage or its
surrounding area is not considered to
be a failure, if the required forte is
sustained for the specified time.

S4.2.4 ExCept for common seat belt
anchorages for forward-facing and
rearward-facing seats. floor-mounted
seat belt anchorages for adjacent (Ira.
ignated seating pmitions Nhall be

tested by simultatwously loading the
seat belt aa.secablies attached to those
anchorages.
. S4 Location. As used in this see-
tion, "forward" means in the direction
in Which the seat fares, and other di-
rectional references are to be int er
preted arcordingly. Anchorages for
automatic and for dynamically tested
seat belt assemblies that meet the
frontal crash protection requirement
of 55.1 of Standard No. 298 ;49 CFR
571.208) are exempt from Ihe location
requirements of t his sect ton.

S4.3.1 Sent belt a nchoroors for Tune
.seat belt assemblres and the peThe

portion ol Type 2 seal belt ossembhes.
54.3.1,1 installat um in which

the seat bell -does no bear upon the
seat. frame. a line front the scatout ref-
creme point. to the nearest coot act
point of the (elt with the hardware at-
tach:nit ii to I he anchorage for a now
adjustable seat, lir from a Want 2,51)

inches ft.trward of mid 0.375 inch atxtve
the seating relerenee wain 14) !hi'
nearest contact point of the twit utth
the 1aardware attaching it to the an
ehorage for an adjustable seat In its
rearmost position, shall extend tor
ward from. the anchorage at an angle
with the horizontal of not less than
20 and not more t luso 75 ,

S4.3.1.2 In an installation in which
the belt bears upon' the seat frame.
the-seat belt anchorage, if not on the
seat structure, shall be aft of the rear-
most belt contact point on the seat
frame with the seat In the rearmost
position. The line from the seating ref-
erence point to the nearest- belt con-
tact. point on the seat frame shall
extend forward from that contact
point.at an angle with the horizontal
of not less than 20' and not more than
75'.

54.3.1.3 In an installation in whieh
the 'seat belt anchorage is on the seat
structure, the line from the seating
reference point to the nearest contact,
point of the belt with the hardware at-
(aching -it to the anchorage shall
ext,;!nd forward from that contact
point at an angle with the horizontal
of not less titan 21 and not more than
75'. _

54.3.1.4 Anchorages for an individ-
oaf seat belt assembly shall be located
at !east t3.50 incites apart laterally,
mea.sured between the vertical center-
Itnes of ; he bolt holes.

S4.3.2 Seat belt anchorwps for the
upper torso portion of Type 2 seat belt
assemblies:- With- t beseat In its full-
rearward and downward position and
the seat back in its most upright post-
tion, the seat belt anchorage for the
upper end of the upper torso restt atilt
:dial! be located within the acceptable .
range shown in Figure I. with refer
e-nre to a two dimensional manikin de-
scribed in SAE Standard .18201Novem
ber 1902i .W110Se -il" point ix at t
si'ating reference point' and whow
torso line is at the same angle from
I 1 vert teal its the seat back,

55. T,Ar procedures. Each t chicle
shall inept requirement); of SI 2
unrn lest ill amirding to the follmving
Iffortansfes. WIWI' a range of vilifies IN
spreifird, Inv vehicle snail he able to
meet the rgqininoments at. all points
within the range.

55.1 Seals with Type 1 or rum.
,e,nr-hof firchf)filuoii. With III, !icat in
Its rearmost positIon, apply a hirer ot
5.000 Witulda in the direction in which
the seat faces to a pelvie body block as
described in Figure 2, restrained by a
Tyne 1 or the peisie portion of a
2 seat helt arsembly. a.s applicable. in 3

paranni Ii. Inv imil.;,indilmi refl.
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terline of the vehicle. with an initial
force application angle of not less
than 5' nor more than 15' above the
horizontal. Apply the force at the
onset rate of not more than 50.000
pounds per second. Attain the 5.000-
pound force in not more than 30 sec-
onds and maintain it for 10 seconds.

85.2 Seats with Type 2 seat belt an-
chorages. With the seat in Its rearmost
position, apply forces of 3.000 pounds
In the direction In which the beat faces
simultaneously to -pelvic and upper
torso body blocks as described in Fig-
ures 2 and 3. restrained by a Type 2
seat belt assembly. in a plane parallel
to the longitudinal centerline of the
vehicle, with an initial force applica--
tion angle of not less than 5 nor more
than 15' above the horizontal. Apply
the forces at the onset rate of not

219

49 CFR Ch. V (10-1-88 Edition)

more than 30.000 pounds per second.
Attain the 3.000pound forces in not
more than 30 seconds and maintain
them for 1') seconds.

1...N' I "-. ...7

'..'4"'-'' 74c:^, --) ..."..
Oar NO Ainaeor OW ................/..%,

........ 1 , 4...g..,z, .
4.:.............. '
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WI Owner's Manual Information.
The owners manual in each vehicle
with a OVWR of 10,000 pounds or less
manufactured after September 1. 1087
shall include:

(a) A section explaining that all
child restraint systems are demoted to
be secured In vehicle seats by lap bells
or the lap belt portion of a lap-shoul-
der belt. The section-shall also explain
that children could be endangered In a

crash if their child restraints are not
properly secured in the vehicle.

(b) In a vehicle with rear designated
seating positions. a statement alerting
vehicle owners that. according to acci-
dent statistics, children are safer when
properly restrained In the rear seating
positions than in the front seating po-
sitions.

to In each paasenger car, a diagram
or diagrams showing the location of
the shoulder belt anchorages required
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by this standard ff..r the rear outboard
designated seating positions. if shoal-
der belts are not installed as items of
original equipment by the vehicle
inanufacturcr at those positions.

87, Instaffithon Instrurhons. The
owrwr's rnanual in vach vehirty maim.
.factured on or after September 1.
1987. with an automatic restraint at
the front right outboard designated
seating position that cannot he used to
secioa- a child restram: system. when
tile automatic restraint is adjusted to
meet the performance requirements of
S5.1 of Standard No. 208 shall have:

A statement that the automatic
restraint at the front right outboard
desivnated :seating position cannot be
usyd to secure a child restraint and, as
appropriate. one of the following
tire, stat ements:

A statement that the automatic
restraint at the front right outboard
designated spatula position can be ad.
Justed to secure a child restraint
system using attachment hardware in-
stalled as original eirripment by the
vehicle mant:tacturer:

s2 A statement that anchorages for
instailation of a lap to4t to secure a
child restraint system have been pro-
vidyd at thy front right outboard des-
ignated seating position: or

1:11 A statement that a lap or manual
lap or lap/shoulder belt has been In-
stalled by the Vehicle manufacturer at
.he front right outboard designated
seating position to secure a child re-
straint.

(b) In each Vehicle In which a lap or
lap/shoulder brit Is not installed at
the front right outboard designated
seating position as an item of Original
equipment. but the automatic -re-
strain!. at that poiltIon can to adjust,
ed by the vehicle owner to seellre a
child restraint system using an item or
Items of original equipment installed
in the vehicle by the vehicle manufac-
turer. the -owner's manual shall also
have:

I 1 ) A diagram or diagrams showing
the location of the attachment hard-
ware provided by the vehicle manufac-
turer.

(2) A atep.by-step procedure with a
diagram or diagrams %lit/wing how to
modify the automatic re.itraint system
to twcure 8 child restraint system. The

49 CFR Ch. V (10-1-88.Edition)

instructions shall explain the proper
routing of the attachment hardware.

(c) In each vehicle In which the
automatic restraint at the front right
outboard designated seating position
cannot be modified to secure a child
restraint system using attachment
hardware installed as an original
quipment by the vehicle manufactur-er.and a manual lap or lap/shoulder-
belt is not installed as an item of origi-
nal...equipment by the vehicle manu-
facturer, the owner's manual shall also
have:

411 A diagram or diagrams showing
the locations of the lap belt anchor-
ages foi the front right outboard des-
ignated seatini Oailtion.

(2) A step-by-step procedure and a
diagram or diagrams for installinx the
proper lap belt anchorage hardware
and a Type 1 lap belt- at the front
right outboard designated. seating Nr
sition. The instructions shall explain
the proper routing of the seat belt as-
sembly and the attachment of the seat
belt assembly to the lap belt anchor-
ages.

138 FR 22902, Dec, 2. 1971. as amended at 37
FR 9323, May 9. 1912: 43 FR 21892, May 22.
1978: 43 F'R 53442. Nov. 16. 1978; 50 FR
41350, Oct. 10. 1985; 51 FR 9813. Mar. 21.
1986; 51 FR 29555, Aug. 19. 19861
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571.217 Standard No. 217: Bus window
retention and release.

81. Scope. This standard establishes
requirements for the retention of win-
dows other than windshields In buses.
and establishes operating forces, open-
ing dimens'ions. and markings for
pushout bus windows and other emer-
gency exits.

82. Purpose. The purpose of this
standard is to minimize the likelihood
of occupants being thrown from the
bus and to provide a means of readily
accessible emergency egress.

83. Application. This standard ap-
plies to buses, except buses manufac-
tured for the purpose of transporting
persons under physical restraint.

84. Definitions. !Tusk-out window"
means a vehicle window designed to
open outward to provide for emergen-
cy egress.

"Adjacent seat" means a designated
seating position Itemted so that some
portion of Its occupant space Is not
more than 10 inches !rem an cmergen-
cy exit, for a distance of at least 15
Inenes measured horizontally and par-
&lel to the exit.

"Occupant space"_means the space
directly above the seat and footwell.
boundeA vertically by the ceiling and
horizontally by the normally posi-
tioned seat back and the nearest ob-
struction of occupant motioh in the di-
rection the neat faces.

85. Requirements,
85.1 Window retention. Except as

provided In 85.1.2, each piece of
window glazing and each surrounding
window frame when tested In accord-
ance with the procedure In 85.1.1
under the conditions of 88.1 through
88.3, shall be istained by its surround.
Ina structure In a manner that pre-
vents the formation of any opening
large enough to admit the passage of a

4-Inch diameter sphere under a force,
including the weight of the sphere, of
5 pounds until any one of the follow-
ing events occurs:

(a) A force of 1.200 pounds is
reached.

(b) At least 80 percent of the glazing
thicknesa has developed cracks run-
ning from the load contact region to
the periphery at two or more points.
or shattering of the glazing occurs.

(c) The inner surface of the glazing
at the center of force application has
moved relative to the window frame,along line perpendicular to the un7
disturbed inner surface, a distance
equal to one-half of the square root of
the minimum surface dimension meas-
ured through the center of the area of
the entire sheet of window glazing.

85.1.1 An increasing force shall be
applied to the window glazing through
the head form specified in Figure 4.
outward and perpendicular to the un-
disturbed Inside surface at the center
of the area of each sheet of window
glazing, with a head form travel of 2
Inches per minute.

85.1.2 The requirements of this
standard do not apply to a window
whose minimum surface dimension
Measured through the center of Uri
area la less than 8 inches.

85,2 ProMsion of emergency exits.
Mises other than schoolbuscs shM!provide unobstructed openings for
emergency exit which collectively
amount, in total square Inches.. to at
leant 87 times the number of designat-
ed seating positions on the bus. At
least 40 percent of the total required
area of unobstructed openings, com-
p' ,td In the above manner, shall be
r Med on each side of a bun. Howev-
et. In determining the total unob-
structed openings provided by a bus,
no emergency exit, regardless of itn
area, shall be credited with more than
538 square Inches of the total area re-
quirement. School buses shall provide
openings for emergency exits that con-
form to 85.2.3.

85.2.1 Buses with GVWR of more
than 10.000 pounds. Except as provid-
ed in 85.2.1.1. buses with a OVWR o(
more than 10,000 pounds shall meet
the unobstructed openings require-
ments by providing side exits and st
least one rear exit that conforms to
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85.3 through 85.5. The rear exit shall
meet the requirements when the bus Ls
upright and when the bus is over-
turned on either side, with thc occu-
pant standing facing the exit. When
the bus configuration precludes instal-
lation of an accessible rear exit, a roof
exit that meets the requirements of
85.3 through 85.5 when the bus is
overturned on either side, with the oc-
cupant standing facing the exit, shall
be provided in the rear half of the bus.

85.2.1.1 A bus with OVWR of more
than 10.000 pounds may satisfy the
unobstructed openings requirement by
providing at least one side door for
each three passenger seating positions
in the vehicle.

85.2.2 Buses with a GIIWR of
10.000 pounds or less. Buses with a
OVWR of 10,000 pounds or less may
meet the unobstructed openings re-
quirement by providing:

(a) Devices that meet the require-
ments of 85.3 through 85.5 without
using remote controls or central power
systems:

(b) Windows that can be opened
manually to a position that provides
an opening large enough to admit un-
obstructed passage, keeping a major
axis horizontal at all time, of an ellip-
soid generated by rotating about its
minor axia an ellipse having a major
axis of 20 Inches and a minor axis of
13 inches: or

(c) Doors.
85.2.3 School buses.
85.2.3.1 Each school bus shall

comply with either one of-the follow.
Ing minimum emergency exit provi.
slow. chosen at the option of the man.
ufacturer.

(a) One rear emergency door that
opens outward and is hinged on the
right side (either side in the case of a
bus with a OVWR (4 10.000 pounds or
less); or

(b) One emergency door on the vehi.
cle's left side that is In the rear half of
the bus passenger compartment and is
hinged on its forward side, and a push .
out rear window that provides a mini.
mum opening clearance 18 inches high
and 48 inches wide. This window shall
be releasable by operation of not more
than two mechanisms which are locat.
ed in the high force access region as
shown in Figure 3C, and which do not

have to be operated simultaneously.
Release and opening of the window
shall require force applications, not to
exceed 40 pounds. in the directions
specified In 85.3.2.

85.2.3.2 The engine starting system
of a school bus shall not operate If any
emergency exit is locked from either
inside or outside the bus. For purposes
of this requirement. "locked" means
that the release mechanism cannot be
activated by-a person at the door with-,
out a special device such as a key or ,

special information such as a combina-
Hon.

85.3 Emergency exit release.
85.3.1 Each push-out window_ or

other emergency exit not me-tired by
85.2.3 shall be releasable by jperating
one or two mechanisms located within
the regions specified In Figure 1.
Figure 2, or Figure 3. The lower edge
of the region in Figure 1, and Region
B in Figure 2, shall be located 5 Inches
above the adjacent seat. or 2 Inches
above the armrest. If any, whichever is
higher.

85.3.2 When tested under the con-
-ditions of 86., both before and after

. the window retention test required by
S5.1, each emergency exit not required
by 85.2.3 shall allow manual release of
the exit by a single occupant using
force applications each of which con-
forms, at the option c.f the manufac-
turer. either to (a) or (b). The release--
mechaniam Or mechanisms shall re
quire for release one or two force ap-
plications, at least one of which differs
by a 90' to 180' from the direction of
the initial push.out motion of the
emergency exit (outward and perpen-
dicular to the exit surlace).

(a) Lowforce application.
(1) Location. Aa shown In Figure 1

or Figure 3.
12( Type of motion. Rotary or

straight.
(3) Magnitude. Not more than 20

pounds.
(I)) High force application.
(1) Location.. As shown In Figure 2

or Figure 3.
(2) Type of motion. Straight, perpen-

dicular. to the undiaturbed exit stir.
face.

13i Magnitude. Not more than 60
pounds.
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S5.3.3 When tested under the con-
ditions of S6., both before and aLer
the window retention test required by

-85.1, each school 'Nu emergency door
shall allow manua ..elease of the door
by a single person, from both inside
and outside the bus passenger com-
partment, using a force application
that conforms to paragraphs (a)
through (c) except a school bus with a
GVWR of 10.000 pounds or less does
not have to conform to paragraph (a).
Each release mechanism shall operate
without the use of remote contro!s or
tools, and notwithstanding any failure
of the vehicle's power system. When
the release mechanism is not in the
closed position and the vehicle ignition
is in the "on" position, a continuous
warning sound shall be audible at the
driver's seating position and In the vi-
cinity of the emergency door having
the unclosed mechanism.

(a) Location: Within the high force
access region shown In Figure 3 1, for a
side emergency door, and in Fli,Jre 3D
for a rear emergency door.

(b) Type of motion: Upwar:1 from
inside the bus: at the discretion orthe
manufacturer from outside the bus.
Buses.with a OVWR of 10,000 pounds
or less shall provide interior release
mechanisms that operate by either an
upward or pull.type motion. The pull-
type motion shall be used only when
the release mechanism Is recessed In
such a manner that the handle, lever.
or other aetivating device does not
protrude beyond the rim of there-
cessed receptacle.

(c) Magnitude of force: Not more
than 40 pounds.

85.4 Emergency exit extension.
85.4.1 After the releaae mechanism

has been operated, each push-out
window or-other emergency exit not
required by 85.2.3 shall, under the
conditions of 86.. before and after the
window retention test requiled- by
85.1. using the reach diatances and
corresponding force levels specified in
85.3.2. be manually extendable by a
single occupant to a position that pro-
vides an opening large enough to
admit unobstructed passage, keeping a
major axis horizontal at all times, of
an ellipsoid generated by rotating
about its minor axis an ellipse having

APPENDIX M
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a major axis of 20 inches and a minor
axis of 13 inches.

S5.4.2 School bus emergency exit ex-
tension.

55.4.2.1 School bus with u GVWR of
more than 10,000 pounds. After the re-
lease mechanism has been operated,
the emergency door of a school bus
with a GYVVR of more than 10,000
pounds shall, under the conditions of
86,. before and after the window re-
tention test requirid by S5.1. using the
force levels specified in 85.3.3,- be
manaaliv extendable by a single
person a position that permits

(2) Ils the case of rear emergency
door. an opening large enough ti)--
permit unobstructed passage of a rec-
tangular parallelepiped 45 Inches
high, 04 inches wide, and 12 inches
deep, ceping the 45-inch dimenzion
vertical, the 24-inch dimension parallel
to tiv opening, and the lower surface
Is, contact with the floor of the bus at
all times: and

(b) In the case of a side emergency
door, an opening at leut 45 inches
high _and 24 _inches wide. A vertical
transverse plane_tangent to the rear-
most point of a seat back shall pass
through the forward edge of a side
emergency door.

85.4.2.2 School bus with a GVWR of
10,000 pounds or less. A school bus
with a OVWR of 10,000 pounds or less
shall conform to all the provIsions of
85.4.2, except that the parallelepiped
dimension for the opening of the rear
emergency door or doors shall be 45
inches high. 22 inches wide, and 8
inches deep.

85.5 Emergency exit:identification.
85.5.1 In buses other than school

buses, except for windows serving as
emergency exits in accordance with
85.2.2(b) and doors In busec with a
OVWR of 10,000 pounds or less, each
emergency door shall have the desig-
nation "Emergency Door" or "Emer-
gency Exit" and each push-out window
or other emergency exit shall have the
designation "Emergency Exit" fol-
lowed by concise operating instruc-
tions describing each motion necessary
to unlatch and open the exit, located
within 6 Inches of the release mecha-
nism.
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EXAMPLES

(1) Lift to Unlatch, Push to Open
(2) Lift Handle and Push out to Open

When a release mechanism is not lo-
cated within an occupant space of an
adjacent seat, a label meeting the re-
quirements of 35.5.2 that indicates the
location of the nearest release mecha-

-nism shall be placed within the occu-
pant space.

EXAMPLE

Emergency exit instructions located next
to wat ahead.

EXAMPLE "Etagacescv EXIT Insraucrforus
LOCATXD NEXT TO SEAT AHEAD-

85.5.2 In buses other than school
buses. Except as provided in S5.5.2.1,
each marking shall he legible, when
the only source of light is the normal
nighttime illumination of the bus inte-
dor. to occupants having corrected

_ visual acuity of 20/90 (Snel len ratio)
seated in the adjacent seat, seated in
the seat directly adjoining the adja-
cent seat, and standing in the aisle lo-
cation that is closest to that adjacent
seat. The marking shall be legible
from each of these locations when the
other two corresponding locations are
occupied.

S5.5.2.1 If the exit has no adjacent
seat, the marking must meet the leg-
ibility requirements of 85.5.2 for occu-
pants standing in the aisle location
nearest to the emergency exit, except
for a roof exit, which must meet the
legibility requirements for occupants
positioned with their hacks against the
(loco opposite the roof exit.

,^-",'"":"-^-.,,--1.7"77":'"",77.-L",.

§ 571.217

S5.5.3 School Bus. Each school bus
emergency exit provided in accordance
aith 85.2.3.1 shall have the designa-
tion "Emergency Door" or "Emergen-
cy Exit." as appropriate, In letters at
least 2 inches high, of a color that con-
trasts with its background, located at
the top of or directly above the emer-
gency exit on both the inside and out-
side surfaces of the bus. Concise oper-
ating instructions describing the mo-
tions necessary to-unlatch-and open
the emergency exit, fr. letters at least
three-eighths of an Inch high, of a
color that contrasts with its back-
ground, shall be located within 6
inches of the release mechanism on
the inside surface of the bus.

EXAMPLE

(1) Lift to Unlatch, Push to Open
(2) Lift Handle. Push Out to Open
86. Test conditions
88.1 The vehicle is on a flat, hori-

zontal surface.
88.2 The inside of the vehicle and

the outside environment are kept at
any temperature from 70' to 85' Fahr-

-enheit-for 4 hours immediately preced-
ing the tests, and during the tests.

86.3 For the window retention test.
windows are installed, closed, and
latched (where latches are provided)
in the condition intended for normal

_ bus operation.
S6.4 For the emergency exit release

and extension tests, windows are in-
stalled as In 86.3, seats, armrests, and
interior objects near the windows are
installed as for normal use, and seats
are In the upright position.
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11571.220 Standard 220: School hos
rollover protection.

SI. Scope. This standard establishes
performance requirements for school
bus rollover protection.

S2. Purpose. The purpose of this
standard is to reduce the number of
deaths and the severity of injuries
that result from failure of the school
bus body structure to withstand forces
encountered in rollover crashes.

83, Applicability, This standard ap.
plies to school buses.

84. Requirements. When a force
equal to. 11/2 times the unloaded vehl.
de weigh', is applied to the roof of the..
vehicle's body structure through a
force application plate as specified in
35.. Test procedures. .

cal The downward vertical move-
merit at any point on the application
plate shall not exceed 51/2 inches: and

(bi Each emergency exit of the vehr
de provided in accordance Kith Stand-
ard No. 21711 571.217v shall be.capable
of owning as specified in that stand-
ard during the full application of the
force and after release of the force,
except Lutt an emergency exit located
in the roof of the vehicle is not re
quired to be capable of being opened

,during the application of the force, A
. particular vehicle test spe(:imen)

need not meet the emergency exit
opening requirement after releme of
force if it is subjected to the mermen-
cy exit opening requirements during ment of any point on the force appli-
the full application of the force, - cation plate which occurred during the

SC. Test procedures. Each vehicle_ application of force in accordance with
shall be capable of meeting the re 85,5.

85.7 To test the Capability of thequirements of 84. when tested in ac-
cordance with the procedures set forth vehicle's emergency exits to open in
below. . accordance with 84.(bi-

85.1 With any non-rigid chassis-to. tat In the case of testing under the
body mounts replaced with equivalent full application of force, open the
rigid mounts, place the vehicle fun a emergency exits as specified in 84,tb)
rigid horimntal surface AO that the ye- while maintaining the force applied in
hide is entirely supported by means of accordance with 85.4 and S5.5: and
the vehicle frame. If the vehicle Is tbi In the case of testing after the
constructed without a frame, place the release of all force, release all down-
vehicle on its body sills. Remove any ward force applied to the 'force appli-
components which extend upward cation plate and open the emergency
from the vehicle roof. exits as specified in 84.1bi.

85.2 Use a flat, rigid. rectangular 80. Test conditions. The following
force application plate that is meas conditions apply to the requirements
ured with respect to the vehicle roof specified In 84.
longitudinal and lateral centerlines. MU Temperature. The ambient

fat In the case of a vehicle with a temperature is any level between 32'
OVWR of more than 10.000 pounds. 12 F. and 90' F.

499

§ 571.220

inches shorter than the vehicle roof
and 36 inches wide: and

lb) In the case of a vehicle with a
OVWR of 10.000 pounds or- less, 5
inches longer and 5 inches wider than
the vehicle roof. For purposes of these
measutements. the vehicle roof is that
structure, seen in the top projected
view, that coincides with the passen-
ger and driver compartment of the ve-
hicle.

S5.3 Position the force application
plate on the vehicle roof so .that its
rigid surface is perpendicular 1.0 a ver-
tical longitudinal plane and it contacts
the roof at not leis than two points.
and so that, in the top projected view,
its longitudinal centerline coincides
with the longitudinal centerline of the
vehicle, and its front and- rear edges
are an- equal distance- inside-the front
and rear edges of the vehicle roof at
the centerline.

85.4 Apply an evenly-distributed
vertical force in the downward direc-
tion to the force application plate at
any rate not more than 0.5 inch per
iu-cond, until a force of 500 pounds has
been applied.

85,5 Apply additional vertical foree
in the downward direction to the force
application plate_at a rate of not. more
than" 0.5 inch per second until the
force specified In 54. has been applied,
and maintain this application of force.

85.6 Measure the downward move-
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S6.2 Windows and doors. Vehicle
windows, doors, and enwrgency exits
are in the fully-closed position, and
latched but not locked.
141 FR 3875. Jan. 27. 1976. sa atnendrd at 41
FR 36026. 36027. Awe. 26. 19761

11 571.221 Standard No. 221: Sehool bus
body joint Mrenirth.

SI. Scope. This standard establishes
requirements for the strength of the
body, panel joint.s in school bus bodies.

32. Purpose. _ The_purpose of this
.standard is to reduce deaths and inju-
ries resulting from the structural col-
lapse of school bus bodIes during
crag es. .

S3. Application. This standard, ap-
plies to school buses with gross vehicle
weight ratings of more than 10.000
pounds,

84. Definitions. "Body component"
means a part of a bus body made from
a single piece of homogeneous mated-
al or from a single piece of composite
material such as plywood.

"Body panel" means a body compo-
nent used on the exterior or interior
surface to enclose the bus' occupant

"Body panel joint" means the area
of contact or close proximity ne,..2..een
the edges of a body panel and .-mother
body conponent, excluding spaces de-
signed for ventilation or another func-
tional purpose, and excluding doors,
windows, and maintenance access
panels.

-Bus body" means the portion of a
'bus that encloses the bus's occupant,
space. exclusive of the bumpers, the
chassis frame, and any structure for-
ward of the forwardmost point of the
windshield mounting.

49 CFR Ch. V (10-1-88 Edition)

SS. Requirement. When tested ir..c-
cordance with the procedure of 86.,
each body panel Joint shall be capable
of holding the body panel to the
member to which it is joined when
subjected to a force of 60% of the ten-
sile strength of the weakest joined
body panel determined pursuant _to
S6.2.

S6. Proce lure.
86.1 Preparation of the test speci,

men. .-..-
S6.1.1 If a body panel joint is 8

inches long or longer, cut a test speci-
men that consists of any randomly se-
lected 8-Inch segment of the joint.. to-
gether with a portion of the bus body
whose dimensions, to the extent per-
mitted by the size of the joined parts:'
are-those specified. in Figure 1, 80 that--"
the specimen's centerline is perpendic-
ular to the joint at the midpoint of
the joint segment. Where the body
panel joint is not fastened continuous-
ly, select the segment so that it does
not bisect a spot weld or a discrete fas-
tener. -*

S6.1.2 If a joint is less than 8 inches
long, cut a test specimen with enough
of the adjacent material to permit It
to be held in the tension testing inn-
chine specified in 86.3.-

se.1.3 Prepare the test specimen in
accordance with the preparation pro-
cedures specified In the 1973 edition of
the Annual BOOk of ASTM Standards.
published by the American Society for
'resting and Materials. 1916 Race
Street. --Philadelphia. Pennsylvania
19102.

. 136.2 Determination of minimum al-
lowable strength. For purposes of de-
termining the minimum allowable
joint strength, determine the tensile
tar:paths of the joined body compo-
nes its as follows:
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Specimen centsdine
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As dimetokons a* mews

(a) If the mechanical properties of a
material are specified by the American
Society for Testing and Materials, the
relative trmalle strength for such a ma-
terial is the minimum tensile strength-
specified for that material in the 1073
edition of trte Annual Book of ASTM
Standards.

(b) If the mechanical properties of a
material are not specified by the

--American Society for Testing and Ma.
tertals, determine its tensile strength
by cutting a specimen from the bus
body outside the area of the joint and
by testing it In accordance with 86.3.

88.3 Strength test.
86.3.1 Grip the joint specimen on

opposite sides of the joint in a tension
testing machine calibrated in accord.
ance with Method E4. Verification of
Testing Machines, of the American So.
ciety for Testing and Materials 41913
Annual Book of ASTM Standards).

86.3.2 Adjust the testing machine
gripa SQ that the joint, under load, will
be In stress approximaWly perpendlcu.
lar to the joint.

86.3.3 Apply a termitic force to the
specimen by separating the heads of
the testing machine at any uniform
rate not leas than 1/4 inch and not
more than itvinch per minute until the
specimen separates.
141 FR 3672, Jan. 27. WI& as amended at 41
FR 36027. Aug 20. 19701

24.

0 571.222 Standard No. 222: School bus
passenger seating and crash protection,

SI. Scope. This standard establishes,
occupant protection requiremehts tor
school bus passenger seating and re-
straining barriers.

82. Purpose. The purpose of this
standard is to reduce the number of
deaths and the .severIty of Injuries
that result from the impact of school
bus occupants against structures
within the vehicle during crashes and
sudden driving maneuvers.

83. Application. 7hIs standard ap.
plies to school buses.

84. Definitions. "Contactable sue.
face- means any surface within the
zone specified In 8.5.3.1.I that is con.
tactable from any direction by the test
device described in 86.6. except any
surface on the front of a seat back or
roc:raining barrier 3 inches or more
below the top of the seat back or re.
straining barrier.

-School bus passenger seat- means a
seat in a school bus, other than the
driver's seat or a seat installed to ac .
commodate handicapped or convales-
cent passengers as evidenced by oder).
tation of the seat in a direction that is
more than 45 degrees to the left or
right of the longitudinal centerline of
the vehicle.

84.1 The number of seating posi-
tions considered to be in a bench seat
is expressed by the symbol W. and cal.
culated as the bench width ln Inches
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divido-rt by 15 and rounded to the near-
est whole number.

55. Requirements. (a) Each vehicle
with a gross vehicle weight rating of
more than 10,000 pounds shall be ca.
pable of meeting any of the require-
ments set forth under this heading
when tested under the- conditions of
Stl. However, a particular school bus
passenger seat (i.e., test specimen) in
that weight class need not meet fur-
ther requirements after having met
85.I.2 and S5.1.5. or having been sub-
jected to either 55.1.3. 55.1.4. or-55.3.

(b) Each vehicle with a gross vehicle
weight rating of 10.000 pounds or les.s
shall be capable of meeting the follow-
ing requirements at all seating posi-
tions other than the driver's seat: (1)
The requirements of II 571.208.
571.209. and 571.210 (Standard Nos.
208, 209. and 210i as they apply to
multipurpose passenger vehicles: and
12) the requirements of 55.1.2. S5.1.3,
85.1.4. S5.1,5, and S5.3 of this stand-
ard. However, the requirements of
Standard Nos, 208 and 21(1 shall be
met at W seating positions In a bench
seat using a body block as specified in
Figure 2 of this standard, and a par-
ticular school-bus pamenger seat (Le....
a test specimen) In that. weight class
need not meet further requirements
after having met 85.1.2 and 55.1.5. or
having been subjected to either 55.1.3.
85.1 4. 55.3. or I 571.210 (Stamfard No.
210). _

85.1 Seating requirements. School
bus passenger seats shall be forward
facing.

55.1.1 ( Reserved!
85.1,2 Seat' back height and surface

area. Each school bus paasenger scat
shall be equipped with a seat back
that. in the front projected view, has a
front surface area above the horizon-
t al plane that passes through the seat-
mg reference. point, and below the
horizontal plane 20 inches above the
seating reference point, of not less
than 90 percent of the sea bench
width in inches multiplied by 20.

85.1.3 Seat performance forward.
When a school bus passenger seat that
has another scat behind it is subjected
to the application of-force-as specified
in 85.1.3.1 and 85.1,3.2. and subse-
quently, the application of additional

APPENDIX N
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force to the seat back as specified in
S5.1.3,3 and S5A.3.4:

(a) The seat back force/deflection
curve shall fall within the zone speci-
fied in Figure 1:

(b) Seat back deflection shall not
exceed 14 inches: (for determination
of (a) and (b) the force/oeflection
curve describes only the force applied
through the upper loading bar, and
only the forward travel of the pivot at-
tachment point of the upper loading
bar, measured from the point at which
the-initial applleation of 10 pounds of
force is attained.)

(c) The seat shall not deflect by an
amount such that any part of the seat
moves to within 4 inches-of any part
of another school...bus paxsenger- seat-
or restraining barrier In its originally
installed position:

(d) The seat shall not separate from
the vehicle at any attachment point;
and

(e) Seat components shall not sepa-
rate at any attachment point.

55.1.3.1 Position the loading bar
specified in 56.5 so that It Is laterally
centered behind the seat back with
the bar's longitudinal axis In a trans-
verse plane of the iThiele and In any-
horizontal plane bet ween 4 Inches
above and 4 inches below the seating
reference point of the sehoo) bus pas-
senger seat behind the teyt specimen.

85.1 3.2 Apply a force of 700W
pounds horizontally In the forward di-
rection through the loading bar at the
Pivot attachment point. Reach the
specified load in nut less than 5-nor
more titan 30 iwconds.

55.1.3.3 Nu sooner than 1,0 second
after attaining the required force,
reduce that force to 350W pounds and,
while maintaining the pivot point posi-
tion of 1.41: lirst loading bar at the po-
sition where the 350W pounds Is at-
tainc-d, position a aecond loading bar
described In 86.5 so that it is laterally
centered behind the seat back with
the bar's longitudinal axis vin a trans-
verse plane of the vehicle and In the
horizontal plane 18 inches above the
seating reference point of the school
bus passenger seat behind the test
specimen, and move the bar forward
against the seat back until a force of
10 pounds has been applied.)
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S5.I.3.4 Apply additional force
horizontally in the forward direction
through the upper bar until 4.000W
inch-pounds of energy have been ab-
sorbed in deflectin'g the seat back (or
restraining barrier). Apply the addi-
tional load in not less than 5 seconds
nor more than 30 seconds. Maintain
the pivot attachment point in the
maximum forward travel position for
.not less than 5 seconds nor more than
10 seconds and release the load in not
less than 5 nor more than 30 seconds.
(For the determination of S5.1.3.4 the
force/deflection curve describes only
the force applied through the upper
loading bar, and the forward and rear-
ward travel distance of the upper load-
ing bar pivot attachment point meas-
ured from the position at. which the
initial application of 10 pounds of
force is attained.)

25.1.4 Seal performance rearward.
When a school bus passenger seat that
has another seat behind it is subjected
to the application of force as specified
In 85.1.4.1 and 85.1.4.2:

(a) Seat back force shall not exceed
2.200 pounds:

(b) In the case of a school bus manu-
factured on oraftevApril 1:113713, seat
back deflection shall not exceed 10
inches: (For determination of (a) and
(b) the force/deflectibn curve de-
scribes only the force applied through
the loading bar, and only the rearward
travel of the pivot attachment point of
the loading bar, measured from the

. point at which the Initial application
of 50 pounds of force is attained.

(c) The seat shall not deflect by an
amount such triat any part of the seat
moves to within 4 inches of any part
of another passenger seat in its origi-
nally Installed position:

(di The seat shall not separate from
the vehicle at any 'attachment point;
and

(e) Seat components shall not sepa-
rate at arry attachment point.

85.1.4.1 Position the loading bar de-
scribed in 86.5 so that it is laterally
centered forward of the seat back with
the bar's longitudinal axis in a trans-
verse plane of the vehicle and in the
horizontal plane 13:5-inches-above the
seating reference point of the test
specimen, and move the loading bar

I% Cs -- F7
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rearward against the seat back until a
force of 50 pounds has been applied.

S5.I.4.2 Apply additional force
horizontally rearward through the
loading bar until 2,800W inch-pounds
of energy has been absorbed in de-
flecting the seat back. Apply the addi-
tional load in not less than 5 seconds
nor more than 30 seconds, Maintain
the pivot attachment point in the
maximum rearward travel position for
not ler.s than 5 seconds nor more than
10 seconds and release the load in not
less than 5 seconds nor more than 30
seconds. (For determination of S5.1.4.2
the force/deflection curve describes
the force applied through the loading
bar and the rearward and forward
travel distance of the loading bar pivot
attachment point measured from the
position at which the initial applica-
tion of 50 pounds of force Is attained.)

35.1.5 Seat cushion retention. In
the case of school bus passenger seats
equipped with seat cushions, with all
manual attachment devices between
the seat and the seat, cushion in the
manufazturers designed position for
attachmer.t. the seat cushion shall not
separate from the seat at any attach-
ment point when subjected to an
upward force of five times the seat

-cushion weight, applied in any period
of.not less than 1 nor more than 5 sec-
onds, and maintained for 5 seconds.

85.2 Restraining barrier require-
merits. Each vehicle shall be equipped
with a restraining barrier forward of
any designated seating position that
dews not have the rear surface of an-
other school bus passenger seat within
24 inches of its seating reference
point, measured along a horizontal
longitudinal line through the seating
reference point in the forward direc-
tion..

85.2.1 Barrier-seat separation. The
horizontal distance between the re-
straining bafflers rear surface and the
seating reference point of the seat in
front of which the barrier is required
shall not be more than 24 inches meas-
ured along a horizontal longitudinal
line through the seating reference
point in thelorward direction.

85.2.2 Barrier position and rear
surface- area. The position and rear
surface area of the restraining barrier
shall be such that. In a front projected
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view of the bus, each point of the bar-
rier's perimeter coincides with or lies
outside of the perimeter of the seat
back of the seat for wNch it is re-
quired.

S5.2.3 Barrier performance for-
ward. When force is applied to the re-
straining barrier in the same manner
as specified In S5.1.3.1 through
85.1.3.4 for seating performance tests:

(a) The restraining barrier force/de-
flectlon curve shall fall within the
zone specified in Figure 1;

(b) Restraining barrier deflection
shall not exceed 14 inches; (For com-
putation of (a) and (b) the force/de-
flection curve describes only the force
applied through the upper loading
bar, and only the forward travel of the
pivot attachment point of the loading
bar, measured from the point at which
the initial application of 10 pounds of
force ls attained,)

(c) Restraining barrier deflection
shall not interfere with normal door
operation:

(d) The restraining barrier shall not
separate from the vehicle at any at-
tP.chment point: and

(e) Restraining barrier components
shall not separate at any sttachment -
point.

85.3 Impact zone requirements.
55.3A Head protection zone. Any

contactabie surface of the vehicle
within any zone specified in 85.3.1.1
shall meet the requirements of 85.3.1.2
and S5.3.1.3. However, a surface area
that has been contacted pursuant to
an Impact test need not meet further
requirements contained In 83.3.

85.3.1.1 The head protection zones
In each vehicle are the spaces In front
of each school bun pamenger seat
which are not occupied by bus side-
wall, window, or door structure- and
which, In relation to that seat and its
seating reference point. arc enclosed
by the following planes:

(a) Horizontal planes 12 inches and
40 inches above the seating reference
point:

(b) A vertical longitudinal plane tan-
gent to the inboard (aisle side) edge of
the seat:

(c) A-vertical longitudinal plane 3.25
inches inboard of the outboard edge of
the seat, and

(d ) Vertical transverse planes
through and 30 inches forward of the
reference point.

55.1.1.2 Head form impact require;
ment. When any contactable surface
of the vehicle withIn the zones sped-
fled in 85.3.1.1 is impacted from any
direct'sn at 22 feet per second by the
heat+ form described In S6.8. the axial
ace,..!eration at the center of gravity of
the head form shall be such that the
expression

[ _ _-- i adt
VI 11) i,

shall not exceed 1,000 where a is the
axial acceleration expressed as a mul-
tiple of g (the acceleration due to gray-
Ity), and t, and I, are any two points in
time during the impact.

85.3.1.3 Head form force distribu-
tion. When any contactable surface of
the vehicle within the zones specified
in 85.3.1.1 is impacted from any direc-
tion at 22 feet per second by the head
form described in 56.6. the energy nec-

-essary to deflect the Impacted materi-
al shall _be not less than 40 Inch-
pounds before the force level on the
head form exceeds 150 pounds. When
any contactable surface within such
zones is Impacted by the head form
from any direction at 5 feet per
second, the contact area on the head --
form surface shall be not less than 3
square inches.

55.3.2 Leg protection zone. Any
part of the seat backs or restraining
barriers in the vehicle within any zone
specified in 85.3.2.1 shall meet the re-
quirements of 85.3.2.2.

55.3.2.1 The leg protection zones of
each vehicle are those parts of the
school bus pasaenger sear backs and
restraining barriers bounded by hori-
zontal planes 12 Inches above and 4
inches below the seating reference
point of the school bus passenger seat
immediately behind the seat back or
restraining barrier.

85.3.2.2 When any point on the
-rear surface of that-part of a seat back
or restraining barrier within any zone
specified in 85.3.2.1 la Impacted from
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any direction at 16 feet per second by
the knee form specified in 36.7. the re-
sisting force of the impacted material
shall not exceed 600 pounds and the
contact area on the knee form surface
shall not be less than 3 square inches.

36. Test conditions. The following
conditions apply to the requirements
specified in S5.

S8.1 Test surface. The bus is at rest
on a level surface.

S8.2 Tires. Tires are inflated to the
pressure specified by the manufactur-er.for the gross vehicle weight rating.

S6.3 Temperature. The ambient
temperature is any level between 32

. degrees P. and 90 degrees F.
86.4 Seat back position. If adjusta-

ble, a seat back is adjusted to its most
upright position.

86.5 Loading bar. The loading bar
Ls a rigid cylinder with an outside di-
ameter of 6 inches that has hemi-
spherical ends with radii of 3 inches
and with a surface roughness that
does not exceed 83 micro-inches, root
mean square. The length of the load-
ing bar is 4 inches less than the width
of the scat back In each test. The
stroking mechanism applies force
through a pivot attachment_at_ the
centerpoint of the loading bar which
allows the loading bar to rotate In a
horiwntal plane 30 degrees in either
direction from the transverse position.

86.5.1 A vertical or lateral force of
4.000 pounds applied externally
through the pivot attachment point df
the loading bar at any position
reached during a test specified in this
standard shall not deflect that point
more than 1 inch.

86.8 Head form. The head form for
the measurement of acceleration is it
rigid surface comprised of two hemi-
spherical shapes, with total equivalent
weight of 11.5 pounds. The first of the
two hemispherical shapes has a diame-
ter of- 6.5 Inches. The second of the
two hemispherical shapes has a 2 ineh
diameter and is centered as shown In
Figure 3 to protrude from the outer
surface of the first hemispherical
shape. The surface roughness of the
hemispherical shapes does not exceed
63 micre-inches, root mean square.

36.6.1 The direction of travel ut the
head form ls coincidental with the
straight line connecting tne center-

points of the two sphericsl outer sur-
faces which constitute the head form
shape.

36.6.2 The head form is instru-
mented with an acceleration sensing
device whose output is recorded in a
data channel that conforms to the re-
quirements for a 1,000 Hz channel
class as specified in SAE Recommend-
ed Practice J211a. December 1971. The
head form exhibits no resonant fre-
quency below three times the frequen-
cy of the channel class. The axis of
the acceleration sensing device coin-
cides with the straight line connecting
the centerpoints of the two hemi-
spherical outer surfaces which consti-
tute the head form shape.

88.6.3 The head form is guided by a
stroking device so that the direction of
tra. el of the head form is not affected
by impact with the surface being
tested at the levels called for In the
standard.

S6.7 Knee form.,The knee form for
measurement of force ls a rigid 3-inch-
diameter cylinder; with an equivalent
weight of 10 pounds. that hats one
rigid hemispherical end with a PA
inch radius forming the contact sur-
face of the knee form. The hemispher-
ical surface roughness does not exceed
63 micro-inehe.., root mean square.

86.7.1 The direction of travel of the
knse form is coincidental with the cen-
terline of the rigid cylinder.

86.7.2 The knee form is instrument-
ed with an acceleration sensing device
whose output is recorded in a data
channel that conforms to the require-
ments of a 600 Hz channel clam aa
specified in the SAE Recommended
Practice J211a. December 1971. The
knee form exhibiLi no resonant fre-
quency below three times the frequen-
cy of the channel class. The axis of
the acceleration sensing device is
aligned to measure acceleration along
the centerline of the cylindrical knee
form.

86.7.3 The knee form is guided by a
stroking device so that the direction of
travel of the knee form Is not affected
by Impact with the surface being
tested at the levels called for In the
standard.

88.8 The head form, knee form.
and contactable surfaces are clean and
dry during impact testing.
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